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Identification of clones having specific enzyme activity - used to develop thermally stable proteins 
with improved enzymatic activity at lower temperatures 
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A novel process for identifying clones having a specified enzyme activity, comprises screening for the 
specified enzyme activity in a library of clones prepared by: (i) selecting and recovering target nucleic 
acid from a nucleic acid population derived from at least two microorganisms, by use of at least one 
nucleic acid or nucleic acid like hybridising probe comprising at least a portion of a nucleic acid 
sequence encoding a protein having a specified activity; and (ii) transforming a host with recovered 
target nucleic acid to produce a library of clones comprised of a subset of the original nucleic acid 
population which are screened for a specific activity. Also claimed is a process for obtaining a protein 
having a specified protein activity derived from a heterogenous nucleic acid population, which 
comprises screening, for the specified enzyme activity, a library of clones containing nucleic acid from 
the heterogenous nucleic acid population which have been modified or mutagenised towards production 
of the specified activity. 

USE - The method can be used to provide a thermostable enzyme having improved enzyme activities at 
lower temperature (claimed). 

International Classification (Main): A61K-031/00, C07H-021/04, C12N-015/09, C12N-009/00, 
C12P-013/00, C12P-002/06, C12P-021/02, C12P-021/06, C12Q-001/00, C12Q-001/68, G01N-033/53 
(Additional/Secondary): A01H-001/00, A01H-005/00, A01N-043/04, A01N-061/00, A61K-031/70, 
A61K-048/00, C07H-021/02, C07K-001/00, C07K-014/00, C07K-014/47, C07K-017/00, C12N-001/00, 
C12N-001/08, C12N-001/20, C12N-015/00, C12N-015/63, C12N-015/70, C12N-015/74, C12N-015/82, 
C12N-015/85, C12N-015/87, C12N-005/00, C12N-005/02, C12N-005/04, C12N-005/06, C12N-009/02, 
C12N-009/10, C12N-009/12, C12N-009/14, C12N-009/16, C12N-009/20, C12N-009/26, C12N-009/88, 
C12P-019/34, C12P-021/00, C12P-021/04, C12Q-001/26, C12Q-001/34, C12Q-001/48, C12Q-001/527, 
C12Q-001/70, G01N-033/48, G01N-033/50, G01N-033/566, G06F-019/00 

US Classification, Issued: 435006000, 702020000, 435183000, 435006000, 435069100, 536023100, 
536023200, 435006000, 435069100, 530350000, 536023200, 435069100, 530350000, 536023200, 
435069100, 435440000, 435005000, 435069700, 435007600, 530350000, 536023200, 435006000, 
536023700, 435004000, 435006000, 435006000, 536025400, 435069100, 530350000, 536023200, 
435069100, 435455000, 435183000, 435320100, 435419000, 435069100, 435455000, 435325000, 
435069100, 536023200, 530350000, 435006000, 435091100, 435091200, 435183000, 435007100, 
435325000, 435252300, 435320100, 435270000, 436501000, 514001000, 536023100, 536023400, 
536023500, 536024330, 435006000, 435069100, 435320100, 435325000, 514044000, 800288000, 
435007100, 435069100, 435189000, 435193000, 435194000, 435196000, 435198000, 702019000, 
435006000, 435091200, 435006000, 435091200, 435006000, 435183000, 435069100, 435091200, 
435320100, 435325000, 530350000, 435004000, 435183000, 435069100, 536023100, 536023200, 
435128000, 435193000, 435252300, 435320100, 435822000, 536023200, 435006000, 435091200, 
435006000, 435069100, 435069100, 435007600, 435069700, 530350000, 435069100, 530350000, 
536023200, 435069100, 530350000, 435006000, 435091200, 435069100, 530350000, 536023200, 
435069100, 530350000, 536023200, 435069100, 530350000, 536023200, 435006000, 435091200, 
435069100, 530350000, 536023200, 435004000, 435006000, 435014000, 435015000, 435016000, 
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530350000, 435069100, 435006000, 435069100, 435069700, 435007600, 530350000, 435069100, 
435007600, 435069700, 530350000, 435004000, 435006000, 435014000, 435015000, 435016000, 
435018000, 435019000, 435021000, 435022000, 435023000, 435024000, 435069100, 530350000, 
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Publication Number: AU 200048933 A (Update 200054 NCE) 

Publication Date: 20001005 

Assignee: DIVERSA CORP; US (DIVE-N) 

Inventor: SHORT J M 

Language: EN 

Application: AU 19971 1489 A 19961206 (Division of application) AU 200048933 A 20000731 (Local 
application) 

Priority: AU 200048933 A 20000731 (Local application) 

Related Publication: AU 720334 A (Division of patent)|AU 2003200812 Al (Update 200452 E) 

Publication Date: 20030501 

**Method of screening for enzyme activity** 

Assignee: DIVERSA CORP (DIVE-N) 

Inventor: SHORT J M 

Language: EN 

Application: AU 200048933 A 20000731 (Division of application) AU 2003200812 A 20030305 (Local 

application)! AU 2003200812 A2 (Update 200417 NCE) 

Publication Date: 20030501 

Assignee: DIVERSA CORP (DIVE-N) 

Inventor: SHORT J M 

Language: EN 

Application: AU 200048933 A 20000731 (Division of application) AU 2003200812 A 20030305 (Local 
application) 

Priority: AU 2003200812 A 20030305 (Local application)|AU 720334 B (Update 200034 E) 

Publication Date: 20000525 

Assignee: DIVERSA CORP; US (DIVE-N) 

Language: EN 

Application: AU 199711489 A 19961206 (Local application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 

Related Publication: AU 971 1489 A (Previously issued patent) WO 1997020918 A (Based on OPI 

patent )|AU 756201 B (Update 200320 NCE) 

Publication Date: 20030109 

Assignee: DIVERSA CORP; US (DIVE-N) 

Inventor: SHORT J M 

Language: EN 

Application: AU 19971 1489 A 19971206 (Division of application) AU 200048933 A 20000731 (Local 
application) 

Priority: AU 200048933 A 20000731 (Local application) 

Related Publication: AU 200048933 A (Previously issued patent) AU 720334 A (Division of patent)|AU 
199711489 A (Update 199742 E) 
Publication Date: 19970627 
Language: EN 

Application: AU 19971 1489 A 19961206 (Local application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 
Related Publication: WO 1997020918 A (Based on OPI patent ) 

Germany 

Publication Number: DE 69631787 E (Update 200425 E) 

Publication Date: 20040408 

Assignee: DIVERSA CORP; US (DIVE-N) 
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Language: DE 

Application: DE 69631787 A 19961206 (Local application) EP 1996942920 A 19961206 (Application) 
WO 1996US19457 A 19961206 (PCT Application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 

Related Publication: EP 866853 A (Based on OPI patent ) WO 1997020918 A (Based on OPI patent ) 
Original IPC: C12Q-1/68(A) 
Current IPC: C12Q-1/68(A) 

European Patent Office 

Publication Number: EP 1 130090 A2 (Update 20015 1 E) 
Publication Date: 20010905 

** SCREENTNG-METHODE ZUR BEREITSTELLUNG EINES THERMOSTABILEN ENZYMS 
METHOD OF SCREENING FOR THERMOSTABLE ENZYME ACTIVITY PROCEDE DE 
CRTBLAGE D'UNE ENZYME THERMOSTABLE** 

Assignee: Diversa Corporation, 10665 Sorrento Valley road, San Diego, C A 92121, US (DIVE-N) 
Inventor: Short, Jay M., 320 Delage Drive, Encinitas, California 92024, US 
Agent: VOSSRJS PARTNER, Siebertstrasse 4, 81675 Munchen, DE 
Language: EN 

Application: EP 1996942920 A 19961206 (Division of application) EP 2001102857 A 19961206 (Local 
application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 
Related Publication: EP 866853 A (Division of patent) 

Designated States: (Regional Original) AT BE CH DE DK ES FI FR GB GR IE IT LI LU MC NL PT 
SE 

Original IPC: C12N-9/00(A) 
Current IPC: C12N-9/00(A) 

Original Abstract: Disclosed are processes to identify desired enzymatic activity from a pool of DNA 
collected from one or more organisms or a DNA subjected to random directed mutagenesis. The 
methods involve the generation of DNA library in a host cell and screening for the desired activity. The 
process can be applied to develop thermally stable proteins having improved enzymatic activity at lower 
temperature. 

Claim: 1 .A process for providing a thermostable enzyme having improved enzyme ac tivities at lower 
temperatures said enzyme being a member from the grou p consisting of an enzyme or a polynucleotide 
encoding said enzyme comp rising: * (a)subjecting to mutagenesis at least one enzyme which is stable at 
a temperature of at least 60(deg), C; and * (b)screening mutants produced in (a) for a mutanted enzyme 
or polynuc leotide encoding a mutated enzyme which enzyme is stable at a tempera ture of at least 60 
(deg)C and which has an enzyme activity at a tempe rature of less than 50(deg)C; and which has activity 
greater than the enzyme from step (a).|EP 866853 Al (Update 1 99843 E) 
Publication Da te: 19980930 

**VERFAHREN ZUM SCREENING ENZYMATISCHER AKTIVITAT METHOD OF SCREENING 
FOR ENZYME ACTIVITY PROCEDE DE DETECTION D'UNE ACTIVITE ENZYMATIQUE** 
Assignee: Recombinant Biocatalysis Inc., 505 Coast Bou levard South, La Jolla, CA 92037-4616, US 
(RECO-N) DIVERSA CORP (DIVE -N) 

Inventor: SHORT, Jay, M., 320 Delage Drive, Encinitas, CA 92024, US 
Agent: VOSSIUS PARTNER, Postfach 86 07 67, 81634 Muenchen, DE 
Lan guage: EN 

Application: EP 1996942920 A 19961206 (Local application) W O 1996US19457 A 19961206 (PCT 
Application) 

Priority: US 19958317 P 19 951207 US 19958316 P 19951207 US 19958311 P 19951207 US 



http://toolkit.dialog.com/intranet/cgi/present?STYLE=62 1 8757 1 4&PRESENT=DB=35 1 1 0/26/2006 



Dialog Results 



Page 43 of 74 



1996651568 A 19960522 US 1996692002 A 19960802 
Related Publication: WO 1997020918 A (Based on OPI patent ) 

Designated States: (Regional Original) AT B E CH DE DK ES FI FR GB GR IE IT LI LU MC NL PT 
SE 

Original IPC: C12N- 9/00(A) 
Current IPC: C12N-9/00(A) 

Original Abstract: Disclosed are pr ocesses to identify desired enzymatic activity from a pool of DNA 
col lected from one or more organisms or a DNA subjected to random direct ed mutagenesis. The 
methods involve the generation of DNA library in a host cell and screening for the desired activity. The 
process can b e applied to develop thermally stable proteins having improved enzyma tic activity at 
lower temperature. |EP 866853 Bl (Update 200417 E) 
Pu blication Date: 20040303 

**VERFAHREN ZUM SCREENING ENZYMATISCHER AKTI VITAT METHOD OF SCREENING 
FOR ENZYME ACTIVITY PROCEDE DE DETECTION D' UNE ACTIVITE ENZYMATIQUE** 
Assignee: DIVERS A CORPORATION, 10665 Sorre nto Valley Road, San Diego, California 92121, US 
(DIVE-N) 

Inventor: S HORT, Jay, M., 320 Delage Drive, Encinitas, CA 92024, US 
Agent: VOSSI US PARTNER, Postfach 86 07 67, 81634 Munchen, DE 
Language: EN 

Applic ation: EP 1996942920 A 19961206 (Local application) WO 1996US19457 A 19961206 (PCT 
Application) EP 2001 102857 A 19961206 (Related to appli cation) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19 958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 

R elated Publication: EP 1 130090 A (Related to patent) WO 1997020918 A (Based on OPI patent ) 
Designated States: (Regional Original) AT BE CH DE DK ES FI FR GB GR IE IT LI LU MC NL PT 
SE 

Original IPC: C12Q-1 /68(A) 
Current IPC: C12Q-1/68(A) 

Claim: l.Verfahren zur Gewinnung einer Enzymaktivitat von Interesse, wobei das V erfahren die 
Schritte einschliesst: * (a) Bereitstellen einer ersten Bibliothek mit DNA, die von mindestens einem 
Mikroorganismus erhalten wird; * (b) Binden mindestens eines Teils der codierenden Sequenzen der 
erste n Bibliothek an eine fur die Enzymaktivitat von Interesse spezifische Nucleinsauresonde, urn eine 
DNA-Teilmenge zu bilden; * (c) Bereitstellen einer zweiten Bibliothek, die eine Expressionsbibli othek 
ist, wobei DNA von der in Schritt (b) erhaltenen DNA-Teilmenge verwendet wird; und * (d) 
Durchmustern der zweiten Bibliothek auf enzymatische Aktivitat. LA method for obtaining an enzyme 
activity of interest, said method incl uding the steps of: * (a) providing a first library with DNA obtained 
from at least one mic roorganism; * (b) binding at least a portion of the coding sequences of the first 1 
ibrary to a nucleic acid probe specific for the enzyme activity of in terest to create a DNA subset; * (c) 
providing a second library which is an expression library using D NA from the DNA subset obtained 
from step (b); and * (d) screening the second library for the enzyme activity. l.Methode pour obtenir 
une activite enzymatique d'interet, ladite methode incluant les etapes de: * (a) fournir une premiere 
banque avec de l'ADN obtenu a partir d'au mo ins un microorganisme; * (b) Her au moins une portion 
des sequences codantes de la premiere b anque a une sonde d'acide nucleique specifique de l'activite 
enzymati que d'interet pour creer un sous-groupe d'ADN; * (c) fournir une deuxieme banque qui est une 
banque d'expression utili sant l'ADN du sous-groupe d'ADN obtenu a l'etape (b); et * (d) cribler la 
deuxieme banque pour l'activite enzymatique. 

Japan 

Publication Number: JP 2000501606 W (Update 200019 E) 
Publication Date: 20000215 
Language: JA (68 pages) 
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Application: WO 1996US19457 A 19961206 (PCT Application) JP 1997521457 A 19961206 (Local 
application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 
Related Publication: WO 1997020918 A (Based on OPI patent ) 
Original IPC: C12N-15/09(A) C12N-9/00(B) 

Current IPC: C12N-15/09(A) C12N-9/00(B)|JP 2001078786 A (Update 200122 E) 

Publication Date: 20010327 

♦♦SCREENING OF ENZYMATIC ACTIVITY** 

Assignee: DIVERSA CORP (DIVE-N) 

Inventor: SHORT JAY M 

Language: JA (26 pages) 

Application: JP 1997521457 A 19961206 (Division of application) JP 2000239967 A 19961206 (Local 
application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 

Original IPC: C12N-15/09(A) C12N-9/02(B) C12N-9/10(B) C12N-9/14(B) C12N-9/88(B) C12Q-1/26 
(B) C12Q-1/34(B) C12Q-1/48(B) C12Q-1/527(B) C12Q-1/68(B) 

Current IPC: C12N-15/09(A) C12N-9/02(B) C12N-9/10(B) C12N-9/14(B) C12N-9/88(B) C12Q-1/26 
(B) C12Q-1/34(B) C12Q-1/48(B) C12Q-1/527(B) C12Q-1/68(B) 

United States 

Publication Number: US 20020031771 Al (Update 200222 E) 
Publication Date: 20020314 
**Sequence based screening** 

Assignee: Short, Jay M., Rancho Santa Fe, CA, US (SHOR-I) 
Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: LISA A. HAILE, PH.D., GRAY CARY WARE FREIDENRICH LLP, Suite 1600, 4365 
Executive Drive, San Diego, CA, US 
Language: EN 

Application: US 19958317 P 19951207 (Related to Provisional) US 1996692002 A 19960802 

(Continuation of application) US 2000557276 A 20000424 (C-I-P of application) US 2000571499 A 

20000515 (C-I-P of application) US 2001858616 A 20010515 (Local application) 

Related Publication: US 6054267 A (Continuation of patent) 

Original IPC: C12Q-1/68(A) G01N-33/48(B) G01N-33/50(B) G06F-19/00(B) 

Current IPC: C12Q-1/68(A) G01N-33/48(B) G01N-33/50(B) G06F-19/00(B) 

Original US Class (secondary): 4356 70220 

Original Abstract: Provided is a method of obtaining a nucleic acid profile of a sample. The method 
includes creating a DNA library from a plurality of nucleic acid sequences of a mixed population of 
organisms and sequencing at least one clone in the DNA library. The sequence is compared to a 
database and identifying sequences in the database which have homology to a clone in the library 
thereby obtaining a nucleic acid profile of the mixed population of organisms. 
Claim: What is claimed is: 1 .**!**. A method of obtaining a nucleic acid profile of a sample, compr 
ising: * obtaining a plurality of nucleic acid sequences from the sample, wher ein the sample comprises 
a mixed population of organisms; * sequencing at least one clone in a library generated from the plurali 
ty of nucleic acid sequences; * performing a database search using an algorithm to compare the sequen 
ce of the at least one clone with the data in the database, wherein t he database contains a plurality of 
nucleic acid sequences from a plu rality of organisms; and * identifying sequences in the database which 
have homology to the at 1 east one clone sequence, thereby obtaining a nucleic acid profile of the 
sample.|US 20020068340 Al (Update 200241 E) 
Publication Date: 20 020606 
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♦♦COMBINATORIAL ENZYME DEVELOPMENT** 
Assignee: SHORT, JAY M., Encinitas, CA, US (SHOR-I) 
Inventor: SHORT, JAY M, Encinitas, CA, US 

Agent: LISA A. HAILE, Ph.D., GRAY CARY WARE FREIDENRICH LLP, 4365 E XECUTIVE 
DRIVE, SUITE 1600, SAN DIEGO, CA, US 
Language: EN 

Applicatio n: US 19958316 P 19951207 (Related to Provisional) US 1996651568 A 19 960522 
(Continuation of application) US 1999375605 A 19990817 (Divisi on of application) US 1999401861 A 
19990922 (Local application) 
Origi nal IPC: C12Q-1/68(A) 
Current IPC: C12Q-1/68(A) 

Original US Class (se condary): 435183 4356 43569.1 53623.1 53623.2 

Original Abstract: Disc losed is a process for obtaining an enzyme having a specified enzyme activity 
derived from a heterogeneous DNA population by screening, fo r the specified enzyme activity, a library 
of clones containing DNA f rom the heterogeneous DNA population which have been exposed to direc 
ted mutagenesis towards production of the specified enzyme activity. Also disclosed is a process for 
obtaining an enzyme having a specifie d enzyme activity by screening, for the specified enzyme activity, 
a library of clones containing DNA from a pool of DNA populations which have been exposed to 
directed mutagenesis in an attempt to produce i n the library of clones DNA encoding an enzyme having 
one or more des ired characteristics which can be the same or different from the spec ified enzyme 
activity. 

Claim: What is claimed is: l.**l**. A process for obtaining an enzyme having a specified enzyme act 

ivity derived from a heterogeneous DNA population, which process compri ses: * screening, for the 

specified enzyme activity, a library of clones con taining DNA from the heterogeneous DNA population 

which have been exp osed to directed mutagenesis towards production of the specified enzy me 

activity.|US 200201 19457 Al (Update 200259 E) 

Publication Date: 2 0020829 

**End selection in directed evolution** 

Assignee: Short, Jay M., Rancho Santa Fe, CA, US (SHOR-I) Frey, Gerhard Johann, San Diego, CA, 
US (FREY-I) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US Fre y, Gerhard Johann, San Diego, CA, US 
Agent: GARY CARY WARE FRIENDENR ICH LLP, 4365 EXECUTIVE DRIVE, SUITE 1600, SAN 
DIEGO, CA, US 
Language : EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 1996760489 A 19961205 (C-I-P of 
application) US 1998185373 A 19981103 (C-I-P of application) US 1999246178 A 19990204 (C-I-P of 
applicatio n) US 19992671 18 A 19990309 (Continuation of application) US 20018672 62 A 20010529 
(Local application) 

Original IPC: C12Q-1/68(A) C07H-21/ 04(B) C07K-1/00(B) C07K-14/00(B) C07K-17/00(B) C12P- 
21 /06(B) 

Current IPC: C12Q-1/68(A) C07H-21/04(B) C07K-1/00(B) C07K-14/00(B) C07K-17/00 (B) C12P- 
21/06(B) 

Original US Class (secondary): 4356 43569.1 530350 53623.2 

Original Abstract: A directed evolution process comprising no vel methods for generating improved 
progeny molecules having desirabl e properties, including, for example, a method for rapid and facilita 
ted production from a parental polynucleotide template, of a set of m utagenized progeny 
polynucleotides wherein at least one codon encodin g each of the 20 naturally encoded amino acids is 
represented at each original codon position. This method, termed site-saturation mutagen esis, or simply 
saturation mutagenesis, is preferably based on the us e of the degenerate N,N,G/T sequence. Also, a 
method of producing fro m a parental polypeptide template, a set of mutagenized progeny polyp eptides 
wherein each of the 20 naturally encoded amino acids is repre sented at each original amino acid 
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position. Also, other mutagenizati on processes that can be used in combination with, or in lieu of, sat 
uration mutagenesis, including, for example: (a) assembly and/or reas sembly of polynucloetide building 
blocks, which building blocks can b e sections of genes /or of gene families; and (b) introduction of two 
or more related polynucleotides into a suitable host cell such that a hybrid polynucleotide is generated 
by recombination and reductive r eassortment. Also, vector and expression vehicles including such poly 
nucleotides and correspondingly expressed polypeptides. Also molecula r property screening methods, 
including a preferred method, termed en d selection, comprised of using an enzyme, such as a 
topoisomerase, a restriction endonuclease, /or a nicking enzyme (such as N. BstNB I), to detect a 
specific terminal sequence in a working polynucleotide, to produce a ligatable end thereat, and to ligate 
and clone the worki ng polynucleotide. 

Claim: What is claimed is: L**l**. A method for producing and isolating a polypeptide having at le ast 
one desirable property comprised of the steps of: * (a) subjecting a starting or parental polynucleotide 
set to a mutagen esis process so as to produce a progeny polynucleotide set; and * (b) subjecting the 
progeny polynucleotide set to an end selection-bas ed screening and enrichment process, so as to select 
for a desirable subset of the progeny polynucleotide set.|US 20020142394 Al (Update 200267 E) 
Publication Date: 20021003 

**Exonuclease-mediated gene asse mbly in directed evolution** 
Assignee: Diversa Corporation, US (DIVE- N) 
Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: HALE AND D ORR LLP, 300 PARK AVENUE, NEW YORK, NY, US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 19958316 P 1995120 7 (Related to 
Provisional) US 19966771 12 A 19960709 (C-I-P of applica tion) US 1996760489 A 19961205 
(Continuation of application) US 19981 85373 A 19981 103 (C-I-P of application) US 1999246178 A 
19990204 (C-I -P of application) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (Continuation of application) US 200287426 A 2 0020301 (Local application) 
Related Publication: US 5830696 A (Conti nuation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I -P of patent) US 6238884 A (C-I-P of patent) US 6335179 A (C-I-P of patent) US 
6352842 A (Continuation of patent) 

Original IPC: C07H-21 /04(A) C07K-1/00(B) C07K-14/00(B) C07K-17/00(B) C12P-21/06(B) 
Current IPC: C07H-21/04(A) C07K-1/00(B) C07K-14/00(B) C07K-17/00(B) C12P-21/ 06(B) 
Original US Class (secondary): 43569.1 530350 53623.2 

Original Abstract: A directed evolution process comprising novel methods for g enerating improved 
progeny molecules having desirable properties, inc luding, for example, a method for rapid and 
facilitated production fr om a parental polynucleotide template, of a set of mutagenized progen y 
polynucleotides wherein at least one codon encoding each of the 20 naturally encoded amino acids is 
represented at each original codon p osition. This method, termed site-saturation mutagenesis, or simply 
s aturation mutagenesis, is preferably based on the use of the degenera te N,N,G/T sequence. Also, a 
method of producing from a parental poly peptide template, a set of mutagenized progeny polypeptides 
wherein e ach of the 20 naturally encoded amino acids is represented at each or iginal amino acid 
position. Also, other mutagenization processes that can be used in combination with, or in lieu of, 
saturation mutagenes is, including, for example: (a) assembly and/or reassembly of polynuc loetide 
building blocks (including sections of genes /or of gene fami lies) mediated by a source of exonuclease 
activity such as exonucleas e III; and (b) introduction of two or more related polynucleotides in to a 
suitable host cell such that a hybrid polynucleotide is generate d by recombination and reductive 
reassortment. Also molecular propert y screening methods, including a preferred method, termed end 
selecti on, comprised of using an enzyme, such as a topoisomerase, a restrict ion endonuclease, /or a 
nicking enzyme (such as N. BstNB I), to detec t a specific terminal sequence in a working 
polynucleotide, to produc e a ligatable end thereat, and to ligate and clone the working polynu cleotide. 
Claim: What is claimed is: l.**l**. A method for producing and isolating a polypeptide having at le ast 
one desirable property comprised of the steps of: * (a) subjecting a starting or parental polynucleotide 
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set to an exonuc lease-mediated recombination process so as to produce a progeny polyn ucleotide set; 
and * (b) subjecting the progeny polynucleotide set to an end selection-bas ed screening and enrichment 
process, so as to select for a desirable subset of the progeny polynucleotide set; * whereby the above 
steps can be performed iteratively and in any order and in combination, * whereby the end selection- 
based process creates ligation-compatible e nds, whereby the creation of ligation-compatible ends is 
optionally u sed to facilitate one * or more intermolecular ligations, that are preferably directional lig 
ations, * within members of the progeny polynucleotide set so as to achieve * assembly /or reassembly 
mutagenesis, * whereby the creation of ligation-compatible ends serves to facilitate ligation of the 
progeny polynucleotide set into an expression vector system and expression cloning, * whereby the 
expression cloning of the progeny polynucleotide set serv es to generate a polypeptide set, * whereby 
the generated polypeptide set can be subjected to an expressi on screening process, and * whereby 
expression screening of the progeny polypeptide set provides a means to identify a desirable species, e.g. 
a mutant polypeptide or alternatively a polypeptide fragment, that has a desirable property, such as a 
specific enzymatic activity.|US 20020146762 Al (Update 20 0269 E) 
Publication Date: 2002 1 0 1 0 
**End selection in directed evolut ion** 

Assignee: Short, Jay M., Rancho Santa Fe, CA, US (SHOR-I) Frey, Gerhard Johann, San Diego, CA, 
US(FREY-I) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US Frey, Gerhard Johann, San Diego, CA, US 
Agent : GARY CARY WARE FRIENDENRICH LLP, 4365 EXECUTIVE DRIVE, SUITE 1600, SAN 
DIEGO, CA, US 
Language: EN 

Application: US 1995831 1 P 19951207 ( Related to Provisional) US 1996760489 A 19961205 
(Continuation of app lication) US 1998185373 A 19981103 (C-I-P of application) US 19992461 78 A 
19990204 (C-I-P of application) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C-I-P of application) US 19 99332835 A 19990614 (C-I-P of application) US 2000495052 A 
20000131 ( C-I-P of application) US 2000498557 A 20000204 (C-I-P of application) US 2000522289 A 
20000309 (Continuation of application) US 2001885551 A 20010619 (Local application) 
Original IPC: C12P-21/02(A) C07H-21/0 4(B) C07K-1/00(B) C07K-14/00(B) C07K-17/00(B) C12N- 
15/00(B) C12P-21/0 4(B) C12P-21/06(B) C12Q-1/70(B) G01N-33/53(B) 

Current IPC: C12P-21/02 (A) C07H-21/04(B) C07K-1/00(B) C07K-14/00(B) C07K-17/00(B) C12N- 
15/00 (B) C12P-21/04(B) C12P-21/06(B) C12Q-1/70(B) G01N-33/53(B) 
Original U S Class (secondary): 43569.1 435440 4355 43569.7 4357.6 530350 53623. 2 
Original Abstract: This invention provides methods of obtaining nov el polynucleotides and encoded 
polypeptides by the use of non-stochas tic methods of directed evolution (DirectEvolution(TM)). A 
particular advantage of end-selection-based methods is the ability to recover f ull-length polynucleotides 
from a library of progeny molecules genera ted by mutagenesis methods. These methods include non- 
stochastic poly nucleotide site-saturation mutagenesis (Gene Site Saturation Mutagene sis(TM)) and 
non-stochastic polynucleotide reassembly (GeneReassembly (TM)). This invention provides methods of 
obtaining novel enzymes tha t have optimized physical /or biological properties. Through use of t he 
claimed methods, genetic vaccines, enzymes, small molecules, and o ther desirable molecules can be 
evolved towards desirable properties. For example, vaccine vectors, can be obtained that exhibit 
increased efficacy for use as genetic vaccines. Vectors obtained by using the methods can have, for 
example, enhanced antigen expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune response, and the like. Furthermore, this invention provid es methods of obtaining a 
variety of novel biologically active molecu les, in the fields of antibiotics, pharmacotherapeutics, and 
transgen ic traits. 

Claim: What is claimed is: l.**l **. A method of producing mutagenized polypeptides containing a sel 
ectable feature comprising the steps of: * a) mutagenizing polypeptides containing a selectable feature to 
produ ce diversely mutagenized polypeptides; * b) selecting from the diversely mutagenized 
polypeptides those contai ning the selectable feature; and, * thereby producing the mutagenized 
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polypeptides containing the selecta ble feature.|US 20020155489 Al (Update 200273 E) 

Publication Date: 2 0021024 

**Method for screening enzyme activity** 

Assignee: Diversa Co rporation, US (DIVE-N) 

Inventor: Short, Jay M, Rancho Santa Fe, CA, US 

Agent: GARY CARY WARE FRIENDENRICH LLP, 4365 EXECUTIVE DRIVE, SUI TE 1600, SAN 
DIEGO, CA, US 
Language: EN 

Application: US 19958317 P 19 951207 (Related to Provisional) US 1996692002 A 19960802 (C-I-P of 
ap plication) US 1997944795 A 19971006 (Division of application) US 1999 421970 A 19991020 
(Continuation of application) US 2002121 145 A 20020 409 (Local application) 

Related Publication: US 6030779 A (Division of patent) US 6054267 A (C-I-P of patent) US 6368798 A 

(Continuatio n of patent) 

Original IPC: C12Q-1/68(A) C07H-21/04(B) 

Current IPC: CI 2Q-1/68(A) C07H-21/04(B) 

Original US Class (secondary): 4356 53623.7 

Original Abstract: Disclosed is a process for identifying clones havi ng a specified enzyme activity by 
screening for the specified enzyme activity in a library of clones prepared by (i) selectively isolating 
target nucleic acid from nucleic acid derived from at least one micr oorganism, by use of at least one 
polynucleotide probe comprising at least a portion of a nucleic acid sequence encoding an enzyme 
having the specified enzyme activity; and (ii) transforming a host with isol ated target nucleic acid to 
produce a library of clones which are scr eened for the specified enzyme activity. 
Claim: What is claimed is: A method for making a library containing a plurality of clones, each 

clone containing a cDNA or genomic DNA fragment obtained from a p opulation of uncultivated 
microorganisms.|US 20020164580 Al (Update 200 275 E) 
Publication Date: 2002 1 1 07 

^♦Combinatorial screening of mixed po pulations of organisms** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 
Inventor: Short, Jay M, Rancho Santa Fe, CA, US 
Agent: HAL E AND DORR, LLP, 60 STATE STREET, BOSTON, MA 
Language: EN 

Application: US 19958316 P 19951207 (Related to Provisional) US 1996651568 A 1996052 2 

(Continuation of application) US 1999375605 A 19990817 (C-I-P of appl ication) US 2000663620 A 

20000915 (Division of application) US 20029524 6 A 2002031 1 (Local application) 

Related Publication: US 5939250 A (Co ntinuation of patent) 

Original IPC: C12Q-1/00(A) C12Q-1/68(B) 

Current I PC: C12Q-1/00(A) C12Q-1 /68(B) 

Original US Class (secondary): 4354 4356 

Original Abstract: Provided is a method of screening gene libraries der ived from a mixed population of 
organisms for a bioactivity or biomolec ule of interest. The mixed population of organisms can be a 
cultured po pulation or an uncultured population from, for example, the environment . Also provided are 
methods of screening isolates or enriched populatio ns of organisms, which isolates include a population 
that is spatially, temporally, or hierarchical, for example, of a particular species, gen us, family, or class 
of organisms. Identified clones containing a biomo lecule or bioactivity of interest can be further 
variegated or the DNA contained in the clone can be variegated to create novel biomolecules o r 
bioactivities of interest. 

Claim: What is claimed is: 1 ,**1 **. A method of discovering bioactivity or a biomolecule of interes t 
comprising: * collecting samples containing organisms from a diverse set of environ ments; * 
recovering nucleic acid molecules from the organisms; * obtaining one or more proteins from the 
recovered nucleic acid molecu les; * screening one or more of the obtained proteins for a bioactivity or b 
iomolecule of interest; * if a screened protein exhibits the bioactivity or biomolecule of inte rest but does 
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not exhibit a desired characteristic, employing one or more evolution technologies to attempt to cause 

the protein to exhibi t the desired characteristic.|US 200201 87489 Al (Update 200301 E) 

Pu blication Date: 20021212 

**Method for screening for enzyme activity** 

Assignee: Diversa Corporation, US (DIVE-N) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: GARY CARY WARE FRIENDENRICH LLP, 4365 EXECUTIVE DRIVE, SUITE 1600, SAN 
DIEGO, CA, US 
Language: EN 

Applicat ion: US 19958317 P 19951207 (Related to Provisional) US 1996692002 A 19960802 
(Continuation of application) US 2000557276 A 20000424 (Cont inuation of application) US 
200272499 A 20020205 (Local application) 

Related Publication: US 6054267 A (Continuation of patent) US 634432 8 A (Continuation of patent) 
Original IPC: C12Q-1/68(A) C07H-21/04(B ) 
Current IPC: C12Q-1/68(A) C07H-21/04(B) 
Original US Class (secondar y): 4356 53625.4 

Original Abstract: Disclosed is a process for identi fying clones having a specified enzyme activity by 
screening for the specified enzyme activity in a library of clones prepared by (i) sele ctively isolating 
target DNA from DNA derived from at least one micro organism, by use of at least one probe DNA 
comprising at least a port ion of a DNA sequence encoding an enzyme having the specified enzyme 
activity; and (ii) transforming a host with isolated target DNA to pr oduce a library of clones which are 
screened for the specified enzyme activity. 

Claim: What is claimed is: l.**l**. A method for enriching for DNA sequences containing at least a 
partial coding region for at least one specified protein activity in a DNA sample comprising selecting 
and recovering a mixture of target DNA from a mixture of organisms, by use of a mixture of DNA 
probes comprisi ng at least a portion of a DNA sequence encoding at least one protein h aving a 
specified protein activity.|US 200300361 16 Al (Update 200316 E) 
Publication Date: 20030220 

**Exonuclease-mediated nucleic acid reassem bly in directed evolution** 
Assignee: Diversa Corporation, US (DIVE-N) 
Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: JANE M. LOVE, P H.D., HALE AND DORR LLP, 300 PARK AVENUE, NEW YORK, NY, 
US 

Language: EN 

Application: US 19958311 P 19951207 (Related to Provisional) US 199583 16 P 19951207 (Related to 
Provisional) US 19966771 12 A 19960709 (C-I-P of application) US 1996760489 A 19961205 
(Continuation of application) US 1998185373 A 19981 103 (C-I-P of application) US 1999246178 A 
1999020 4 (C-I-P of application) US 1999267118 A 19990309 (C-I-P of application ) US 1999276860 
A 19990326 (C-I-P of application) US 1999332835 A 19990 614 (C-I-P of application) US 2000495052 
A 20000131 (C-I-P of applicati on) US 2000498557 A 20000204 (C-I-P of application) US 2000522289 
A 200 00309 (C-I-P of application) US 2000535754 A 20000327 (Continuation of application) US 
2002108077 A 20020326 (Local application) 

Related Publi cation: US 5830696 A (Continuation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I-P of patent) US 6238884 A (C-I-P of patent) US 6335179 A (C-I-P of patent) US 
6352842 A (C-I-P of patent) US 635 8709 A (C-I-P of patent) US 6361974 A (Continuation of patent) 
Origin al IPC: C07H-21/04(A) C07K-1/00(B) C07K-14/00(B) C07K-17/00(B) C12P-21/ 06(B) 
Current IPC: C07H-21/04(A) C07K-1/00(B) C07K-14/00(B) C07K-17/00( B) C12P-21/06(B) 
Original US Class (secondary): 43569.1 530350 53623.2 

Original Abstract: This invention provides methods of obtaining novel p olynucleotides and encoded 
polypeptides by the use of non-stochastic me thods of directed evolution (DirectEvolution(TM)). A 
particular advanta ge of exonuclease-mediated reassembly methods is the ability to reassem ble nucleic 
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acid strands that would otherwise be problematic to chimeri ze. Exonuclease-mediated reassembly 
methods can be used in combination with other mutagenesis methods provided herein. These methods 
include n on-stochastic polynucleotide site-saturation mutagenesis (Gene Site Sat uration Mutagenesis 
(TM)) and non-stochastic polynucleotide reassembly ( GeneReassembly(TM)). This invention provides 
methods of obtaining novel enzymes that have optimized physical /or biological properties. Throug h 
use of the claimed methods, genetic vaccines, enzymes, small molecule s, and other desirable molecules 
can be evolved towards desirable prope rties. For example, vaccine vectors can be obtained that exhibit 
increa sed efficacy for use as genetic vaccines. Vectors obtained by using the methods can have, for 
example, enhanced antigen expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune response, and the like. Furthermore, this invention provides me thods of obtaining a 
variety of novel biologically active molecules, in the fields of antibiotics, pharmacotherapeutics, and 
transgenic traits . 

Claim: What is claimed is: l.**l**. A method for producing a mutagenized progeny polynucleotide, co 
mprising: * (a) subjecting a starting or parental polynucleotide set to an in vit ro exonuclease-mediated 
reassembly process so as to produce a progeny polynucleotide set; * whereby the exonuclease-mediated 
reassembly process is exemplified, in a non-limiting fashion, by subjection to a 3prime exonuclease t 
reatment, such as treatment with exonuclease III, which acts on 3pr ime underhangs and blunt ends, to 
liberate 3prime-terminal but not Sprime-terminal nucleotides from a starting double stranded polynuc 
leotide, leaving a remaining strand that is partially or completely free of its original partner so that, if 
desired, the remaining st rand may be used to achieve hybridization to another partner; * whereby the 
exonuclease-mediated reassembly process is further exem plified, in a non-limiting fashion, by 
subjection to a 5prime exonu clease treatment, such as treatment with red alpha gene product, th at acts 
on Sprime underhangs to liberate Sprime-terminal nucleotide s from a starting double stranded 
polynucleotide, leaving a remaini ng strand that is partially or completely free of its original part ner so 
that, if desired, the remaining strand may be used to achiev e hybridization to another partner; * whereby 
the exonuclease-mediated reassembly process is further exem plified, in a non-limiting fashion, by 
subjection to an exonuclease treatment, such as treatment with Mung Bean Nuclease or treatment with 
SI Nuclease or treatment with -E.coli ~DNA Polymerase, that ac ts on overhanging ends, including on 
unhybridized ends, to liberate terminal nucleotides from an unhybridized single-stranded end of a n 
annealed nucleic acid strand in a heteromeric nucleic acid comple x, leaving a shortened but hybridized 
end to facilitate polymerase- based extension and/or ligase-mediated ligation of the treated end; * and 
whereby the exonuclease-mediated reassembly process is also exe mplified by a dual treatment, that can 
be performed, for example, n on-simultaneously, with both an exonuclease that liberates terminal 
nucleotides from underhanging ends or blunt ends as well as an exo nuclease that liberates terminal 
nucleotides from overhanging ends such as unhybridized ends.|US 20030073165 Al (Update 200329 E) 
Pub lication Date: 2003041 7 
**Directed evolution of thermophilic enzyme s** 
Assignee: Short, Jay M., Rancho Santa Fe, CA, US (SHOR-I) 
Inven tor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: HALE AND DORR LLP, 300 PARK AVENUE, NEW YORK, NY, US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 1996760489 A 19961205 
(Continuation of application) US 1998185373 A 19981 103 (Continuation of application) US 200139293 
A 2001 1231 (Local application) 

Related Publication: US 5830696 A (Continuation of patent) US 6335179 A (Continuation of patent) 
Original IPC: C12P-21/02(A) C12N-5/04(B) C12N-9/00(B) C12N-15/00(B) C12N-15/70(B) C12N- 
15/74(B) C12N-15/85(B) C12N-15/87(B) C12P-21/06(B) 

Current IPC: C12P-21/02(A) C12N-5/04(B) C12N-9/00(B) C12N-15/00(B) C12N-15/70(B) C12N- 

15/74(B) C12N-15/85(B) C12N-15/87(B) C12P-21/06(B) 

Original US Class (secondary): 43569.1 435455 435183 435320.1 435419 

Original Abstract: Thermostable enzymes are subjected to mutagenesis to produce a thermophilic 
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enzyme which is stable at thermophilic temperature and which has increased activities at least two-fold 
higher than the activity of the wild-type thermostable enzyme at lower temperatures, which are 
temperatures of 50(deg) C. or lower. 

Claim: What is claimed is: A process for providing a thermostable enzyme having improved e 

nzyme activities at lower temperatures, said enzyme being a member sele cted from the group consisting 

of an enzyme or a polynucleotide encodin g said enzyme comprising: * (a) subjecting to mutagenesis at 

least one enzyme which is stable at a temperature of at least 60(deg) C; and * (b) screening mutants 

produced in (a) for a mutated enzyme or polynuc leotide encoding a mutated enzyme, which mutated 

enzyme is stable at a temperature of at least 60(deg) C. and which has an enzyme activity at a 

temperature at least 10(deg) C. below its optimal temperature r ange and which has activity greater than 

the enzyme of step (a).|US 20030175887 Al (Update 200362 E) 

Publication Date: 20030918 

**Saturat ion mutagenesis in directed evolution** 

Assignee: Short, Jay ML, Ranc ho Santa Fe, CA, US (SHOR-I) 

Inventor: Short, Jay M, Rancho Santa Fe , CA, US 

Agent: HALE AND DORR LLP, 300 PARK AVENUE, NEW YORK, NY, US 
Language: EN 

Application: US 19958311 P 19951207 (Related to Provisio nal) US 19958316 P 19951207 (Related to 
Provisional) US 1996651568 A 19960522 (C-I-P of application) US 1996677112 A 19960709 (C-I-P of 
ap plication) US 1996760489 A 19961205 (C-I-P of application) US 1998185 373 A 19981103 
(Continuation of application) US 1999246178 A 19990204 (Continuation of application) US 
2001756459 A 20010108 (Continuation of application) US 2002309587 A 20021204 (Local 
application) 

Related Publication: US 5830696 A (C-I-P of patent) US 5939250 A (C-I-P of patent) US 5965408 A 
(C-I-P of patent) US 6171820 A (Continuation of patent) US 6335179 A (Continuation of patent) US 
6562594 A (Cont inuation of patent) 

Original IPC: C12P-21/02(A) C12N-5/00(B) C12N-5/0 2(B) C12N-5/06(B) C12N-15/63(B) C12N- 
15/85(B) C12N-15/87(B) C12P-21/0 6(B) 

Current IPC: C12P-21/02(A) C12N-5/00(B) C12N-5/02(B) C12N-5/06(B ) C12N-15/63(B) C12N-15/85 

(B) C12N-15/87(B) C12P-21/06(B) 

Original US Class (secondary): 43569.1 435455 435325 

Original Abstract: Disclose d is a rapid and facilitated method of producing from a parentlal tern plate 
polynucleotide, a set of mutagenized progeny polynculeotides wh ereby at each original codon position 
there is produced at least one substitute codon encoding each of the 20 naturally encoded amino acid s. 
Accordingly, there is also provided a method of producing from a p arental template polypeptide, a set 
of mutagenized progeny polypeptid es wherein each of the 20 naturally encoded amino acids is 
represente d at each original amino acid position. The method provided is termed site-saturation 
mutagenesis, or simply saturation mutagenesis, and c an be used in combination with other 
mutagenization processes, such a s, for example, a process wherein two or more related polynucleotides 
are introduced into a suitable host cell such that a hybrid polynucl eotide is generated by recombination 
and reductive reassortment. Also provided are vector and expression vehicles incuding such polynucleo 
tides, polypeptides expressed by the hybrid polynucleotides and a met hod for screening for hybrid 
polypeptides. 

Claim: What is claimed is : l.**l**. A method for producing a set of progeny polypeptides from a tern 
plate polypeptide, wherein the progeny polypeptides contain a non-stoch astic range of single amino 
acid substitutions represented at each amin o acid position, the method comprising: * a) subjecting a 
codon-containing template polynucleotide to polymeras e-based amplification using a 64-fold 
degenerate oligonucleotide for each codon to be mutagenized, wherein each of said 64-fold degenerate 
oligonucleotides is comprised of a first homologous sequence and a d egenerate N,N,N triplet sequence, 
so as to generate a set of progeny polynucleotides; and * b) subjecting said set of progeny 
polynucleotides to clonal amplifica tion such that polypeptides encoded by the progeny polynucleotides 
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ar e expressed; * whereby, said method provides a means for generating all 20 amino aci d changes at 

each amino acid site along a parental polypeptide templa te.|US 20030194763 Al (Update 200369 E) 

Publication Date: 20031016 

* *End selection in directed evolution** 

Assignee: Diversa Corporation, US (DIVE-N) 

Inventor: Short, Jay M., Encinitas, CA, US Frey, Gerhard Johann, San Diego, CA, US 
Agent: HALE AND DORR LLP, 300 PARK AVENUE, NEW YORK, NY, US 
Language: EN 

Application: US 1995831 1 P 19951207 (R elated to Provisional) US 19958316 P 19951207 (Related to 
Provisional ) US 19966771 12 A 19960709 (C-I-P of application) US 1996760489 A 199 61205 
(Continuation of application) US 1998185373 A 19981103 (C-I-P o f application) US 1999246178 A 
19990204 (C-I-P of application) US 199 9267118 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C -I-P of application) US 1999332835 A 19990614 (C-I-P of application) US 2000495052 A 
20000131 (C-I-P of application) US 2000498557 A 20000 204 (C-I-P of application) US 2000522289 A 
20000309 (Continuation of application) US 200299816 A 20020314 (Local application) 
Related Publ ication: US 5830696 A (Continuation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I-P of patent) US 6238884 A (C-I-P of pa tent) US 6335179 A (C-I-P of patent) US 
6352842 A (C-I-P of patent) US 6358709 A (Continuation of patent) US 6479258 A (C-I-P of paten t) 
Original IPC: A61K-31/00(A) A01N-61/00(B) C07H-21/02(B) C07H-21/04 (B) C07K-1/00(B) C07K- 
14/00(B) C07K-17/00(B) C12N-1/08(B) C12N-1/20(B ) C12N-5/00(B) C12N-5/02(B) C12N-9/00(B) 
C12N-15/00(B) C12N-15/09(B) C12N-15/63(B) C12N-15/70(B) C12N-15/74(B) C12P-19/34(B) C12P- 
21/06(B) C12Q-1/68(B) G01N-33/53(B) G01N-33/566(B) 

Current IPC: A61K-31/00(A) A01N-61/00(B) C07H-21/02(B) C07H-21/04(B) C07K-1/00(B) C07K- 
14/00(B) C07K-17/00(B) C12N-1/08(B) C12N-1/20(B) C12N-5/00(B) C12N-5/02(B) CI 2N-9/00(B) 
C12N-15/00(B) C12N-15/09(B) C12N-15/63(B) C12N-15/70(B) CI 2N-15/74(B) C12P-19/34(B) 
C12P-21/06(B) C12Q-1/68(B) G01N-33/53(B) GO lN-33/566(B) 

Original US Class (secondary): 43569.1 53623.2 530350 43 56 43591.1 43591.2 435183 4357.1 435325 
435252.3 435320.1 435270 4365 01 5141 53623.1 53623.4 53623.5 53624.33 
Original Abstract: This inve ntion provides methods of obtaining novel polynucleotides and encoded 
polypeptides by the use of non- stochastic methods of directed evolut ion (DirectEvolution(TM)). A 
particular advantage of end-selection-ba sed methods is the ability to recover full-length polynucleotides 
fro m a library of progeny molecules generated by mutagenesis methods. Th ese methods include non- 
stochastic polynucleotide site-saturation mut agenesis (Gene Site Saturation Mutagenesis(TM)) and non- 
stochastic po lynucleotide reassembly (GeneReassembly(TM)). This invention provides methods of 
obtaining novel enzymes that have optimized physical /or biological properties. Through use of the 
claimed methods, genetic va ccines, enzymes, small molecules, and other desirable molecules can b e 
evolved towards desirable properties. For example, vaccine vectors can be obtained that exhibit 
increased efficacy for use as genetic va ccines. Vectors obtained by using the methods can have, for 
example, enhanced antigen expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune response, and the li ke. Furthermore, this invention provides methods of obtaining a 
varie ty of novel biologically active molecules, in the fields of antibioti cs, pharmacotherapeutics, and 
transgenic traits. 

Claim: 1 .** 1 **. A method for producing and isolating a polypeptide having at le ast one desirable 
property comprised of the steps of: * (a) subjecting a starting or parental polynucleotide set to a mutagen 
esis process so as to produce a progeny polynucleotide set; and * (b) subjecting the progeny 
polynucleotide set to an end selection-bas ed screening and enrichment process, so as to select for a 
desirable subset of the progeny polynucleotide set; * whereby the above steps can be performed 
iteratively and in any order and in combination, * whereby the end selection-based process creates 
ligation-compatible e nds, * whereby the creation of ligation-compatible ends is optionally used t o 
facilitate one or more intermolecular ligations, that are preferabl y directional ligations, within members 
of the progeny polynucleotide set so as to achieve assembly /or reassembly mutagenesis, * whereby the 
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creation of ligation-compatible ends serves to facilitate ligation of the progeny polynucleotide set into an 

expression vector system and expression cloning, * whereby the expression cloning of the progeny 

polynucleotide set serv es to generate a polypeptide set, * whereby the generated polypeptide set can be 

subjected to an expressi on screening process, and * whereby expression screening of the progeny 

polypeptide set provides a means to identify a desirable species, e.g. a mutant polypeptide or 

alternatively a polypeptide fragment, that has a desirable property, such as a specific enzymatic 

activity.|US 20030207287 Al (Update 20 0374 E) 

Publication Date: 20031 106 

**Non- stochastic generation of gen etic vaccines** 

Assignee: Short, Jay ML, Rancho Santa Fe, CA, US (SHO R-I) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: HALE AND DORR LLP, 300 PARK AVENUE, NEW YORK, NY, US 
Language: EN 

Application : US 1995831 1 P 19951207 (Related to Provisional) US 19958316 P 19951 207 (Related to 
Provisional) US 19966771 12 A 19960709 (C-I-P of appli cation) US 1996760489 A 19961205 
(Continuation of application) US 199 8185373 A 19981103 (C-I-P of application) US 1999246178 A 
19990204 (C -I-P of application) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C-I-P of application) US 2000495052 A 20000 131 (Continuation of application) US 
2002223507 A 20020819 (Local app lication) 

Related Publication: US 5830696 A (Continuation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I-P of patent) US 6 238884 A (C-I-P of patent) US 6335179 A (C-I-P of patent) US 
635284 2 A (C-I-P of patent) US 6479258 A (Continuation of patent) 

Origina 1 IPC: C12Q-1/68(A) A01H-1/00(B) A01H-5/00(B) A01N-43/04(B) A61K-31/7 0(B) A61K- 
48/00(B) C12N-5/00(B) C12N-5/02(B) C12N-5/06(B) C12N-15/00( B) C12N-15/09(B) C12N-15/63(B) 
C12N-15/70(B) C12N-15/74(B) C12N-15/82 (B) C12N-15/87(B) C12P-21/02(B) C12P-21/06(B) 
Current IPC: C12Q-l/68( A) A01H-1/00(B) A01H-5/00(B) A01N-43/04(B) A61K-31/70(B) A61K- 
48/00(B ) C12N-5/00(B) C12N-5/02(B) C12N-5/06(B) C12N-15/00(B) C12N-15/09(B) C12N-15/63(B) 
C12N-15/70(B) C12N-15/74(B) C12N-15/82(B) C12N-15/87(B) C12P-21/02(B) C12P-21/06(B) 
Original US Class (secondary): 4356 4356 9.1 435320.1 435325 51444 800288 
Original Abstract: This invention pr ovides methods of obtaining vaccines by use of non-stochastic 
methods of directed evolution (DirectEvolution(TM)). These methods include n on-stochastic 
polynucleotide site-saturation mutagenesis (Gene Site S aturation Mutagenesis(TM)) and non-stochastic 
polynucleotide reassemb ly (GeneReassembly(TM)). Through use of the claimed methods, vectors can 
be obtained which exhibit increased efficacy for use as genetic v accines. Vectors obtained by using the 
methods can have, for example, enhanced antigen expression, increased uptake into a cell, increased 
stability in a cell, ability to tailor an immune response, and the 1 ike. 

Claim: What is claimed is: A method for obtaining an immunomodulatory polynucleotide that 

has an optimized modulatory effect on an immune response, or encodes a polypeptide that has an 

optimized modulatory effect on an immune respon se, the method comprising: * creating a library of 

non-stochastically generated progeny polynucleo tides from a parental polynucleotide set; * wherein 

optimization can thus be achieved using one or more of the di rected evolution methods as described 

herein in any combination, perm utation and iterative manner; * whereby these directed evolution 

methods include the introduction of mutations by non-stochastic methods, including by "gene site 

saturati on mutagenesis" as described herein; * and whereby these directed evolution methods also 

include the introdu ction mutations by non-stochastic polynucleotide reassembly methods a s described 

herein; including by synthetic ligation polynucleotide re assembly as described herein.|US 20030215883 

Al (Update 200377 E) 

Pu blication Date: 20031 120 

** Altered thermostability of enzymes** 

Assig nee: Short, Jay M., Rancho Santa Fe, CA, US (SHOR-I) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US 
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Agent: HALE AND DORR LLP, 300 PARK A VENUE, NEW YORK, NY, US 
Language: EN 

Application: US 19958316 P 19951 207 (Related to Provisional) US 1996651568 A 19960522 
(Continuation o f application) US 1999375605 A 19990817 (C-I-P of application) US 200 0535754 A 
20000327 (C-I-P of application) US 2000663620 A 20000915 (C ontinuation of application) US 
2000714780 A 20001 1 15 (Continuation of application) US 2003458523 A 20030609 (Local 
application) 

Related Pu blication: US 5939250 A (Continuation of patent) US 6361974 A (C-I- P of patent) 
Original IPC: G01N-33/53(A) Cl2N-9/02(B) C12N-9/10(B) CI 2N-9/12(B) C12N-9/16(B) C12N-9/20 
(B) G01N-33/48(B) G01N-33/50(B) G06F -19/00(B) 

Current IPC: G01N-33/53(A) C12N-9/02(B) C12N-9/10(B) C12N-9 /12(B) C12N-9/16(B) C12N-9/20 
(B) G01N-33/48(B) G01N-33/50(B) G06F-19/ 00(B) 

Original US Class (secondary): 4357.1 43569.1 435189 435193 435 194 435196 435198 70219 
Original Abstract: Provided is a method of sc reening gene libraries derived from a mixed population of 
organisms f or a bioactivity or biomolecule of interest. The mixed population of organisms can be a 
cultured population or an uncultured population fir om, for example, the environment. Also provided are 
methods of screen ing isolates or enriched populations of organisms, which isolates inc lude a 
population that is spatially, temporally, or hierarchical, for example, of a particular species, genus, 
family, or class of organis ms. Identified clones containing a biomolecule or bioactivity of inte rest can 
be further variegated or the DNA contained in the clone can be variegated to create novel biomolecules 
or bioactivities of intere st. 

Claim: What is claimed is: 1 .**1**. A method for obtaining a bioactive protein having a thermostabi 
lity that is altered as compared to that of the corresponding wild-type protein, comprising: * a) 
variegating a nucleic acid sequence encoding the wild-type protein ; and * b) comparing the bioactivity 
after variegation with the bioactivity o f the wild-type protein, wherein a difference in the bioactivity is i 
ndicative of an effect of sequence variegation, thereby providing the a bioactive protein having a 
thermostability that is altered as comp ared to that of the corresponding wild-type protein. |US 
20040152077 Al (Update 200452 E) 
Publication Date: 20040805 

* *EXONUCLEASE-MEDI ATE D NUCLEIC ACID REASSEMBLY IN DIRECTED EVOLUTION** 
Assignee: Short, Ja y M., Rancho Santa Fe, CA, US (SHOR-I) Djavakhishvili, Tsotne David, San 
Diego, CA, US (DJAV-I) Frey, Gerhard Johann, San Diego, CA, US (F REY-I) 
Inventor: Short, Jay M., Rancho Santa Fe, CA, US Djavakhishvil i, Tsotne David, San Diego, CA, US 
Frey, Gerhard Johann, San Diego, C A, US 

Agent: DIVERSA CORPORATION, 4955 DIRECTORS PLACE, SAN DIEGO, CA , US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Pro visional) US 1996760489 A 19961205 
(Continuation of application) US 1 998185373 A 19981 103 (C-I-P of application) US 1999246178 A 
19990204 (C-I-P of application) US 19992671 18 A 19990309 (C-I-P of application ) US 1999276860 A 
19990326 (C-I-P of application) US 1999332835 A 199 90614 (C-I-P of application) US 2000495052 A 
20000131 (C-I-P of appli cation) US 2000498557 A 20000204 (C-I-P of application) US 2000522289 A 
20000309 (C-I-P of application) US 2000535754 A 20000327 (Continua tion of application) US 
200129221 A 2001 1221 (Local application) 

Rela ted Publication: US 5830696 A (Continuation of patent) US 6171820 A (C-I-P of patent) US 
6238884 A (C-I-P of patent) US 63351 79 A (C-I -P of patent) US 6352842 A (C-I-P of patent) US 
6358709 A (C-I-P of patent) US 6361974 A (Continuation of patent) US 6479258 A (C-I-P of patent) 
US 6537776 A (C-I-P of patent) US 6713279 A (C-I-P of pa tent) 
Original IPC: C12Q-1 /68(A) C12P-19/34(B) 
Current IPC: C12Q-1/68 (A) C12P-19/34(B) 
Original US Class (secondary): 4356 43591.2 

Origina 1 Abstract: This invention provides methods of obtaining novel polynu cleotides and encoded 
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polypeptides by the use of non-stochastic metho ds of directed evolution (DirectEvolution(TM)). A 
particular advantag e of exonuclease-mediated reassembly methods is the ability to reasse mble nucleic 
acid strands that would otherwise be problematic to chim erize. Exonuclease-mediated reassembly 
methods can be used in combina tion with other mutagenesis methods provided herein. These methods 
in elude non-stochastic polynucleotide site-saturation mutagenesis (Gene Site Saturation Mutagenesis 
(TM)) and non-stochastic polynucleotide r eassembly (GeneReassembly(TM)). This invention provides 
methods of ob taining novel enzymes that have optimized physical /or biological pro perties. Through 
use of the claimed methods, genetic vaccines, enzyme s, small molecules, and other desirable molecules 
can be evolved towa rds desirable properties. For example, vaccine vectors can be obtaine d that exhibit 
increased efficacy for use as genetic vaccines. Vector s obtained by using the methods can have, for 
example, enhanced antig en expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune response, and the like. Furthermor e, this invention provides methods of obtaining a 
variety of novel bi ologically active molecules, in the fields of antibiotics, pharmacoth erapeutics, and 
transgenic traits. 

Claim: l.**l**. A method for generating a mutagenized polynucleotide comprising : * a) annealing a 
poly-binding nucleic acid strand to two or more mono-b inding nucleic acid strands to generate an 
annealed heteromeric compl ex of nucleic acid strands; * b) subjecting unhybridized single-stranded 
ends of the annealed mono- binding nucleic acid strands in the heteromeric complex to an exonucl ease 
treatment that degrades said unhybridized ends; and * c) subjecting the annealed heteromeric complex to 
polymerase-based ex tension.jUS 20040248143 Al (Update 200481 E) 
Publication Date: 20041 209 

** Exonuclease-mediated nucleic acid reassembly in directed evolut ion** 
Assignee: Short, Jay M., Rancho Santa Fe, CA, US (SHOR-I) 
Inven tor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: DIVERSA CORPORATIO N, 4955 DIRECTORS PLACE, SAN DIEGO, CA, US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 19958316 P 1995120 7 (Related to 
Provisional) US 1996651568 A 19960522 (C-I-P of applica tion) US 19966771 12 A 19960709 (C-I-P of 
application) US 1996760489 A 19961205 (Continuation of application) US 1997962504 A 19971031 
(C-I -P of application) US 1998185373 A 19981 103 (C-I-P of application) US 1999246178 A 19990204 
(C-I-P of application) US 19992671 18 A 1999030 9 (C-I-P of application) US 1999276860 A 19990326 
(C-I-P of applicati on) US 1999332835 A 19990614 (C-I-P of application) US 2000495052 A 2 
0000131 (C-I-P of application) US 2000498557 A 20000204 (C-I-P of app lication) US 2000522289 A 
20000309 (C-I-P of application) US 20005357 54 A 20000327 (Continuation of application) US 
2002108077 A 20020326 (Continuation of application) US 2003631544 A 20030730 (Local applica 
tion) 

Related Publication: US 5830696 A (Continuation of patent) US 5939250 A (C-I-P of patent) US 
5965408 A (C-I-P of patent) US 61718 20 A (C-I-P of patent) US 6238884 A (C-I-P of patent) US 
6335179 A (C-I-P of patent) US 6352842 A (C-I-P of patent) US 6358709 A (C-I -P of patent) US 
6361974 A (Continuation of patent) US 6479258 A (C -I-P of patent) US 6489145 A (C-I-P of patent) 
US 6537776 A (C-I-P of patent) US 6635449 A (Continuation of patent) US 6713279 A (C-I- P of 
patent) 

Original IPC: C12Q-1/68(A) C12P-19/34(B) 
Current IPC: CI 2Q-1/68(A) C12P-19/34(B) 
Original US Class (secondary): 4356 43591.2 

Original Abstract: This invention provides methods of obtaining novel polynucleotides and encoded 
polypeptides by the use of non-stochasti c methods of directed evolution (DirectEvolution(TM)). A 
particular a dvantage of exonuclease-mediated reassembly methods is the ability to reassemble nucleic 
acid strands that would otherwise be problematic to chimerize. Exonuclease-mediated reassembly 
methods can be used in combination with other mutagenesis methods provided herein. These met hods 
include non-stochastic polynucleotide site-saturation mutagenesi s (Gene Site Saturation Mutagenesis 
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(TM)) and non-stochastic polynucle otide reassembly (GeneReassembly(TM)). This invention provides 
method s of obtaining novel enzymes that have optimized physical /or biologi cal properties. Through 
use of the claimed methods, genetic vaccines, enzymes, small molecules, and other desirable molecules 
can be evolv ed towards desirable properties. For example, vaccine vectors can be obtained that exhibit 
increased efficacy for use as genetic vaccines. Vectors obtained by using the methods can have, for 
example, enhance d antigen expression, increased uptake into a cell, increased stabili ty in a cell, ability 
to tailor an immune response, and the like. Fur thermore, this invention provides methods of obtaining a 
variety of n ovel biologically active molecules, in the fields of antibiotics, pha rmacotherapeutics, and 
transgenic traits. 

Claim: l.**l**. (canceled) 2.**2**. A method of recombining an oligonucleotide set, the method comp 
rising: * aligning a plurality of homologous nucleic acid sequences to identify one or more regions of 
sequence heterogeneity; * synthesizing a plurality of different oligonucleotide member types wh ich 
correspond to one of the regions of heterogeneity; * mixing the plurality of different oligonucleotide 
member types, there by providing a set of oligonucleotides which comprise a plurality of different 
oligonucleotide members which comprise the at least one reg ions of sequence heterogeneity which 
corresponds to one or more of th e regions of heterogeneity in the plurality of homologous nucleic aci d 
sequences; and, * recombining one or more member of the oligonucleotide set with one or more nucleic 
acid corresponding to one or more of the homologous nuc leic acid sequences.|US 20050009080 Al 
(Update 200506 E) 
Publication Date: 20050113 

**Production of enzymes having desired activities by mutagenesis** 
Assignee: Short, Jay M, Encinitas, CA, US (SHOR-I) 
Inv entor: Short, Jay M, Encinitas, CA, US 

Agent: DIVERSA CORPORATION, 4 955 DIRECTORS PLACE, SAN DIEGO, CA, US 
Language: EN 

Application: US 1 9958316 P 19951207 (Related to Provisional) US 1996651568 A 19960522 
(Continuation of application) US 1999375605 A 19990817 (Continuation of application) US 
2004912465 A 20040804 (Local application) 

Related Publication: US 5939250 A (Continuation of patent) US 6790605 A (Co ntinuation of patent) 
Original IPC: C12Q-1/68(A) C12N-9/00(B) C12N-9/ 26(B) 
Current IPC: C12Q-1/68(A) C12N-9/00(B) C12N-9/26(B) 
Original US Class (secondary): 4356 435183 

Original Abstract: Disclosed is a pro cess for obtaining an enzyme having a specified enzyme activity 
deriv ed from a heterogeneous DNA population by screening, for the specifie d enzyme activity, a 
library of clones containing DNA from the hetero geneous DNA population which have been exposed to 
directed mutagenesi s towards production of the specified enzyme activity. Also disclosed is a process 
for obtaining an enzyme having a specified enzyme activ ity by screening, for the specified enzyme 
activity, a library of clo nes containing DNA from a pool of DNA populations which have been exp osed 
to directed mutagenesis in an attempt to produce in the library of clones DNA encoding an enzyme 
having one or more desired character istics which can be the same or different from the specified 
enzyme a ctivity. 

Claim: What is claimed is: A process for obtaining an enzyme having a specified enzyme act 

ivity derived from a heterogeneous DNA population, which process compri ses: * screening, for the 

specified enzyme activity, a library of clones con taining DNA from the heterogeneous DNA population 

which have been exp osed to directed mutagenesis towards production of the specified enzy me 

activity. |US 20050100985 Al (Update 200532 E) 

Publication Date: 2 0050512 

♦♦Saturation mutagenesis in directed evolution** 

Assignee: Sh ort, Jay M., Rancho Santa Fe, CA, US Residence: US Nationality: US (S HOR-I) 
Inventor: Short, Jay M., Rancho Santa Fe, CA, US Residence: US Nationality: US 
Agent: DIVERSA CORPORATION, 4955 DIRECTORS PLACE, SA N DIEGO, CA, US 
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Language: EN 

Application: US 1995831 1 P 19951207 (Rel ated to Provisional) US 19958316 P 19951207 (Related to 
Provisional) US 1996651568 A 19960522 (C-I-P of application) US 1996677112 A 19960 709 (C-I-P of 
application) US 1996760489 A 19961205 (C-I-P of applica tion) US 1997962504 A 19971031 (C-I-P of 
application) US 1998185373 A 19981103 (Continuation of application) US 1999246178 A 19990204 
(Con tinuation of application) US 2001756459 A 20010108 (Continuation of a pplication) US 
2002309587 A 20021204 (Continuation of application) US 2003644410 A 20030820 (Local 
application) 

Related Publication: US 58 30696 A (C-I-P of patent) US 5939250 A (C-I-P of patent) US 5965408 A 
(C-I-P of patent) US 6171820 A (Continuation of patent) US 63351 79 A (Continuation of patent) US 
6489145 A (C-I-P of patent) US 656 2594 A (Continuation of patent) US 6764835 A (Continuation of 
paten t) 

Original IPC: C12P-21/02(A) C07K-14/47(B) C12N-5/06(B) C12P-19/34( B) 
Current IPC: C12P-21/02(A) C07K-14/47(B) C12N-5/06(B) C12P-19/34(B ) 
Original US Class (secondary): 43569.1 43591.2 435320.1 435325 5303 50 

Original Abstract: Disclosed is a rapid and facilitated method of producing from a parentlal template 
polynucleotide, a set of mutageni zed progeny polynculeotides whereby at each original codon position t 
here is produced at least one substitute codon encoding each of the 2 0 naturally encoded amino acids. 
Accordingly, there is also provided a method of producing from a parental template polypeptide, a set of 
mutagenized progeny polypeptides wherein each of the 20 naturally enc oded amino acids is represented 
at each original amino acid position. The method provided is termed site-saturation mutagenesis, or 
simply saturation mutagenesis, and can be used in combination with other mu tagenization processes, 
such as, for example, a process wherein two o r more related polynucleotides are introduced into a 
suitable host ce 11 such that a hybrid polynucleotide is generated by recombination an d reductive 
reassortment. Also provided are vector and expression veh icles incuding such polynucleotides, 
polypeptides expressed by the hy brid polynucleotides and a method for screening for hybrid polypeptid 
es. 

Claim: 1**1** (canceled)|US 5939250 A (Update 199939 E) 
Publication Date: 199 90817 

**Production of enzymes having desired activities by mutagenesis. ** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 
Inventor: Short, Jay M., Encinitas, CA, US 
Agent: Fish Richardson P.C. 
Language: EN 

Application: US 19958316 P 19951207 (Related to Provisional) US 199 6651568 A 19960522 (Local 
application) 

Original IPC: C12Q-1/00(A) C12N- 9/00(B) 
Current IPC: C12Q-1 /00(A) C12N-9/00(B) 

Original US Class (secon dary): 4354 435183 43569.1 53623.1 53623.2 

Original Abstract: Disclosed is a process for obtaining an enzyme having a specified enzyme activit y 
derived from a heterogeneous DNA population by screening, for the spe cified enzyme activity, a library 
of clones containing DNA from the het erogeneous DNA population which have been exposed to 
directed mutagenes is towards production of the specified enzyme activity. Also disclosed is a process 
for obtaining an enzyme having a specified enzyme activity by screening, for the specified enzyme 
activity, a library of clones c ontaining DNA from a pool of DNA populations which have been exposed 
to directed mutagenesis in an attempt to produce in the library of clones DNA encoding an enzyme 
having one or more desired characteristics whic h can be the same or different from the specified 
enzyme activity. 

Cla im: 1 .A process for obtaining a specified protein or enzymatic activity of in terest encoded by DNA 
contained in a heterogeneous population of microo rganisms comprising: * (a) screening a library 
containing a plurality of clones containing D NA isolated from a heterogeneous population of 
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microorganisms for a s pecified protein or enzymatic activity; * (b) isolating a clone which is positive 
for the specified activity; * (c) introducing at least one mutation into the DNA contained in the c lone of 
(b); * and * (d) comparing the activity of a DNA expression product from (c) with the activity encoded 
by a non-mutagenized form of the DNA present in (b), wherein a difference in activity is indicative of 
an effect of i ntroducing at least one mutation, thereby providing the specified pro tein or enzymatic 
activity of interest.|US 5962283 A (Update 199948 E) 
Publication Date: 19991005 
**Transminases and amnotransferases.** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor: S wanson, Ronald V., Media, PA, US Warren, Patrick V., Philadelphia, PA , US 
Agent: Fish Richardson P.C. 
Language: EN 

Application: US 199583 16 P 19951207 (Related to Provisional) US 1996599171 A 19960209 (C-I- P 

of application) US 1996646590 A 19960508 (Local application) 

Relate d Publication: US 5814473 A (C-I-P of patent) 

Original IPC: C12P-13/ 00(A) C07H-21/04(B) C12N-1/00(B) C12N-9/10(B) 

Current IPC: C12P-13/00 (A) C07H-21/04(B) C12N-.1/00(B) C12N-9/10(B) 

Original US Class (second ary): 435128 435193 435252.3 435320.1 435822 53623.2 

Original Abstrac t: Thermostable transaminase and aminotransferase enzymes derived fro m various 

ammonifex, aquifex and pyrobaculum organisms are disclosed. The enzymes are produced from native 

or recombinant host cells and c an be utilized in the pharmaceutical, agricultural and other industri es. 

Claim: l.An isolated polynucleotide selected from the group consisting of: * a) a polynucleotide 

encoding SEQ ID NOs: 36 or 40; and * b) a nucleic acid sequence fully complementary to a).|US 

6030779 A ( Update 200018 E) 

Publication Date: 20000229 

** Screening for novel bio activities.** 

Assignee: Diversa Corporation, San Diego, CA, US (DIVE- N) 
Inventor: Short, Jay M., Encinitas, CA, US 
Agent: Gray, Cary, Ware Freidenrich, LLP Ha 
Language: EN 

Application: US 1995503606 A 19950 718 (C-I-P of application) US 19958317 P 19951207 (Related to 
Provisional) US 1995568994 A 19951207 (C-I-P of application) US 1996657409 A 19960603 (C-I-P of 
application) US 1996692002 A 19960802 (C-I-P of application) US 1997944795 A 19971006 (Local 
application) 

Related Publication: US 5958672 A (C-I-P of patent) 
Original IPC: C12Q-1/68(A) C12P-19/34(B) 
Current IPC: C12Q-1/68(A) C12P-19/34(B) 
Original US Class (secondary): 4356 43591.2 

Original Abstract: Disclosed is a process for identifying clones having a specified enzyme activity by 
screening for the specified enzyme activity in a library of clones prepared by (i) selectively isolating 
target nucleic acid from nucleic acid derived from at least one microorganism, by use of at least one 
polynucleotide probe comprising at least a portion of a nucleic acid sequence encoding an enzyme 
having the specified enzyme activity; and (ii) transforming a host with isolated target nucleic acid to 
produce a library of clones which are screened for the specified enzyme activity. 
Claim: 1 .A method for identifying a desired activity encoded by a genomic DNA po pulation 
comprising: * (a) obtaining a single-stranded genomic DNA population; * (b) contacting the single- 
stranded DNA population of (a) with a DNA p robe tunder conditions and for sufficient time to allow 
hybridization and to produce a double-stranded complex of probe and members of the genomic DNA 
population which hybridize thereto; * (c) separating the complex from the single-stranded DNA 
population of (b); * (d) releasing from the probe the members of the genomic population wh ich had 
been bound to the probe; * (e) forming double-stranded DNA from the members of the genomic popul 
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ation of (d); * (f) introducing the double-stranded DNA of (e) into a suitable host c ell to produce an 

expression library containing a plurality of clones containing the selected DNA; and * (g) screening the 

expression library for the desired activity.|US 60 54267 A (Update 200027 E) 

Publication Date: 20000425 

**Method for scr eening for enzyme activity.** 

Assignee: Diversa Corporation, San Dieg o, CA, US (DIVE-N) 

Inventor: Short, Jay M., Encinias, CA, US 

Agent: F ish Richardson P.C. 

Language: EN 

Application: US 19958317 P 19951207 (Related to Provisional) US 1996692002 A 19960802 (Local 
application ) 

Original IPC: C12Q-1/68(A) C12P-21/00(B) 
Current IPC: C12Q-1/68(A) C12P-21/00(B) 
Original US Class (secondary): 4356 43569.1 

Original Ab stract: Disclosed is a process for identifying clones having a specif ied enzyme activity by 
screening for the specified enzyme activity in a library of clones prepared by (i) selectively isolating 
target DNA from DNA derived from at least one microorganism, by use of at least one probe DNA 
comprising at least a portion of a DNA sequence encodi ng an enzyme having the specified enzyme 
activity; and (ii) transform ing a host with isolated target DNA to produce a library of clones wh ich are 
screened for the specified enzyme activity. 

Claim: 1 .A method for enriching for DNA sequences containing at least a partial coding region for at 

least one specified enzyme activity in a DNA sampl e comprising selecting and recovering a mixture of 

target DNA from a mi xture of organisms, by use of a mixture of DNA probes comprising at lea st a 

portion of a DNA sequence encoding at least one enzyme having a sp ecified enzyme activity and 

transforming host cells with recovered targ et DNA to produce an expression library of a plurality of 

clones.|US 6 171820 Bl (Update 200104 E) 

Publication Date: 20010109 

**Saturation mut agenesis in directed evolution.** 

Assignee: Diversa Corporation, San Di ego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Encinitas, CA, US 

Agent: Gary Cary Ware Freidenrich LLP Ha 

Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 19958316 P 19951207 (Related t o 
Provisional) US 1996651568 A 19960522 (C-I-P of application) US 19966 771 12 A 19960709 (C-I-P of 
application) US 1996760489 A 19961205 (C-I-P of application) US 1997962504 A 19971031 (C-I-P of 
application) US 1 99 8 1 85373 A 1 998 1 1 03 (Continuation of application) US 1 999246 1 78 A 1 99902 04 
(Local application) 

Related Publication: US 5830696 A (C-I-P of pat ent) US 5939250 A (C-I-P of patent) US 5965405 A 
(C-I-P of patent) 

Or iginal IPC: C12P-21/06(A) C07K-1/00(B) C12P-21/04(B) G01N-33/53(B) 
Curr ent IPC: C12P-21/06(A) C07K-1/00(B) C12P-21/04(B) G01N-33/53(B) 
Origina 1 US Class (secondary): 43569.1 4357.6 43569.7 530350 

Original Abstract : Disclosed is a rapid and facilitated method of producing from a paren tal template 
polynucleotide, a set of mutagenized progeny polynucleotid es whereby at each original codon position 
there is produced at least o ne substitute codon encoding each of the 20 naturally encoded amino aci ds. 
Accordingly, there is also provided a method of producing from a pa rental template polypeptide, a set 
of mutagenized progeny polypeptides wherein each of the 20 naturally encoded amino acids is 
represented at each original amino acid position. The method provided is termed site-s aturation 
mutagenesis, or simply saturation mutagenesis, and can be use d in combination with other 
mutagenization processes, such as, for exam pie, a process wherein two or more related polynucleotides 
are introduc ed into a suitable host cell such that a hybrid polynucleotide is gener ated by recombination 
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and reductive reassortment. Also provided are vec tor and expression vehicles including such 
polynucleotides, polypeptide s expressed by the hybrid polynucleotides and a method for screening fo r 
hybrid polypeptides. 

Claim: l.A method for producing a set of progeny polypeptides from a template po lypeptide, wherein 

the progeny polypeptides contain a non-stochastic ra nge of single amino acid substitutions represented 

at each amino acid p osition, the method comprising: * a) subjecting a codon-containing template 

polynucleotide to polymeras e-based amplification using a 64-fold degenerate oligonucleotide for each 

codon to be mutagenized, wherein each of said 64-fold degenerate oligonucleotides is comprised of a 

first homologous sequence and a d egenerate N,N,N triplet sequence, so as to generate a set of progeny 

polynucleotides; and * b) subjecting said set of progeny polynucleotides to clonal amplifica tion such 

that polypeptides encoded by the progeny polynucleotides ar e expressed; * whereby, said method 

provides a means for generating all 20 amino aci d changes at each amino acid site along a parental 

polypeptide templa te.|US 6238884 B 1 (Update 2001 32 E) 

Publication Date: 20010529 

**End selection in directed evolution.** 

Assignee: Diversa Corporation, Sa n Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Encinitas, CA, US F rey, Gerhard Johann, San Diego, CA, US 

Agent: Gray Cary Ware Freiden rich LLP Haile; Lisa A. 

Language: EN 

Application: US 19958311 P 19951 207 (Related to Provisional) US 1996760489 A 19961205 

(Continuation o f application) US 1998185373 A 19981103 (C-I-P of application) US 199 9246178 A 

19990204 (C-I-P of application) US 19992671 18 A 19990309 (L ocal application) 

Related Publication: US 5830696 A (Continuation of patent) 

Original IPC: C12P-21/06(A) C07H-21/04(B) C07K-1/00(B) 

Curre nt IPC: C12P-21/06(A) C07H-21/04(B) C07K-1/00(B) 

Original US Class (s econdary): 43569.1 530350 53623.2 

Original Abstract: A directed evolu tion process comprising novel methods for generating improved 
progeny molecules having desirable properties, including, for example, a met hod for rapid and 
facilitated production from a parental polynucleoti de template, of a set of mutagenized progeny 
polynucleotides wherein at least one codon encoding each of the 20 naturally encoded amino ac ids is 
represented at each original codon position. This method, term ed site-saturation mutagenesis, or simply 
saturation mutagenesis, is preferably based on the use of the degenerate N,N,G/T sequence. Also, a 
method of producing from a parental polypeptide template, a set of mutagenized progeny polypeptides 
wherein each of the 20 naturally en coded amino acids is represented at each original amino acid 
position . Also, other mutagenization processes that can be used in combinatio n with, or in lieu of, 
saturation mutagenesis, including, for example : (a) assembly and/or reassembly of polynucloetide 
building blocks, w hich building blocks can be sections of genes /or of gene families; a nd (b) 
introduction of two or more related polynucleotides into a sui table host cell such that a hybrid 
polynucleotide is generated by rec ombination and reductive reassortment. Also, vector and expression 
ve hides including such polynucleotides and correspondingly expressed p olypeptides. Also molecular 
property screening methods, including a p referred method, termed end selection, comprised of using an 
enzyme, such as a topoisomerase, a restriction endonuclease, /or a nicking e nzyme (such as N. BstNB 
I), to detect a specific terminal sequence in a working polynucleotide, to produce a ligatable end thereat, 
and to ligate and clone the working polynucleotide. 

Claim: l.A method for producing a mutant polynucleotide encoding at least one de sirable property, the 
method comprising: * (a) subjecting a plurality of first polynucleotides to simultaneous m utagenesis so 
as to produce a plurality of progeny polynucleotides, w herein the mutagenesis comprises subjecting a 
codon-containing templa te polynucleotide to amplification using a degenerate oligonucleotide for each 
codon to be mutagenized, wherein the degenerate oligonucleo tide comprises a first homologous 
sequence and a degenerate triplet s equence, and * (b) subjecting the progeny polynucleotides to an end 
selection-based screening and enrichment process that creates ligation-compatible end s, so as to select 
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one or more progeny polynucleotides encoding at le ast one desirable property.jUS 6335179 Bl (Update 
200207 E) 

Publicat ion Date: 20020101 

♦♦Directed evolution of thermophilic enzymes.** 

As signee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor: Sho rt, Jay M., Encinitas, CA, US 

Agent: Gray Cary Ware Freidenrich LLP Haile; Lisa A. 

Language: EN 

Application: US 1995831 1 P 19951207 (Rela ted to Provisional) US 1996760489 A 19961205 

(Continuation of applica tion) US 1998185373 A 19981 103 (Local application) 

Related Publicatio n: US 5830696 A (Continuation of patent) 

Original IPC: C12P-21/06(A) C07K-1/00(B) 

Current IPC: C12P-21/06(A) C07K-1/00(B) 

Original US Cla ss (secondary): 43569.1 530350 

Original Abstract: Thermostable enzyme s are subjected to mutagenesis to produce a thermophilic 
enzyme which is stable at thermophilic temperature and which has increased activi ties at least two-fold 
higher than the activity of the wild-type ther mostable enzyme at lower temperatures, which are 
temperatures of 50(d eg) C. or lower. 

Claim: l.A process for providing a thermostable enzyme having improved enzyme ac tivities as 

compared to a corresponding wild-type enzyme at lower tempe ratures comprising: * (a) subjecting to 

random mutagenesis at least one polynucleotide enco ding an enzyme which is stable at a temperature of 

at least 60(deg) C .; and * (b) screening mutants produced in (a) for a mutated enzyme or for a p 

olynucleotide encoding a mutated enzyme, wherein the mutated enzyme i s stable at a temperature of at 

least 60(deg) C. and has increased en zyme activity at a lower temperature than that of the corresponding 

w ild-type enzyme at its optimal temperature. |US 6344328 Bl (Update 20 021 1 E) 

Publication Date: 20020205 

**Method for screening for enzyme activity.** 

Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: Gray Cary Wa re Freidenrich Haile; Lisa A. 

Language: EN 

Application: US 19958317 P 19951207 (Related to Provisional) US 2000557276 A 20000424 (Local a 
pplication) 

Original IPC: C12Q-1/68(A) C12P-19/34(B) 
Current IPC: C12 Q-1/68(A) C12P-19/34(B) 
Original US Class (secondary): 4356 43591.2 

O riginal Abstract: Disclosed is a process for identifying clones havin g a specified enzyme activity by 
screening for the specified enzyme a ctivity in a library of clones prepared by (i) selectively isolating 
target DNA from DNA derived from at least one microorganism, by use o f at least one probe DNA 
comprising at least a portion of a DNA seque nee encoding an enzyme having the specified enzyme 
activity; and (ii) transforming a host with isolated target DNA to produce a library of clones which are 
screened for the specified enzyme activity. 

Claim: 1 .A method for enriching for DNA sequences containing at least a partial coding region for at 
least one specified protein activity in a DNA samp le comprising selecting and recovering. a mixture of 
target DNA from a m ixture of organisms, by use of a mixture of DNA probes comprising at le ast a 
portion of a DNA sequence encoding at least one protein having a specified protein activity.|US 
6352842 Bl (Update 200224 E) 
Publicatio n Date: 20020305 

**Exonucease-mediated gene assembly in directed evolut ion.** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Invent or: Short, Jay M., Encinitas, CA, US Frey, Gerhard J., San Diego, CA, U S Djavakhishvili, 
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Tsotne D., San Diego, CA, US 

Agent: Gray Cary Ware F reidenrich LLP Haile; Lisa A. Shen; Greg 
Language: EN 

Application: US 1 9958311 P 19951207 (Related to Provisional) US 19958316 P 19951207 (Rel ated to 
Provisional) US 1996677112 A 19960709 (C-I-P of application) US 1996760489 A 19961205 
(Continuation of application) US 1998185373 A 19 981 103 (C-I-P of application) US 1999246178 A 
19990204 (C-I-P of applic ation) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (Local application) 

Related Publication: US 5830696 A (Contin uation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I-P of patent) US 6238884 A (C-I-P of patent) 
Original IPC: C12P-21/06(A) C07H-21/04(B) C07K-14/00(B) 
Current IPC: C12P-21/06(A) C07H-21/04(B) CO 7K-14/00(B) 
Original US Class (secondary): 43569.1 530350 53623.2 

Origi nal Abstract: A directed evolution process comprising novel methods for generating improved 
progeny molecules having desirable properties, inc luding, for example, a method for rapid and 
facilitated production from a parental polynucleotide template, of a set of mutagenized progeny po 
lynucleotides wherein at least one codon encoding each of the 20 natura lly encoded amino acids is 
represented at each original codon position. This method, termed site-saturation mutagenesis, or simply 
saturation mutagenesis, is preferably based on the use of the degenerate N,N,G/T s equence. Also, a 
method of producing from a parental polypeptide templa te, a set of mutagenized progeny polypeptides 
wherein each of the 20 na turally encoded amino acids is represented at each original amino acid 
position. Also, other mutagenization processes that can be used in comb ination with, or in lieu of, 
saturation mutagenesis, including, for exa mple: (a) assembly and/or reassembly of polynucloetide 
building blocks (including sections of genes /or of gene families) mediated by a source of exonuclease 
activity such as exonuclease III; and (b) introduction of two or more related polynucleotides into a 
suitable host cell such t hat a hybrid polynucleotide is generated by recombination and reductive 
reassortment. Also molecular property screening methods, including a p referred method, termed end 
selection, comprised of using an enzyme, su ch as a topoisomerase, a restriction endonuclease, /or a 
nicking enzyme (such as N. BstNB I), to detect a specific terminal sequence in a work ing 
polynucleotide, to produce a ligatable end thereat, and to ligate a nd clone the working polynucleotide. 
Claim: 1 .A method for producing in vitro a plurality of polynucleotides having a t least one desirable 
property, said method comprising: * (a) subjecting a plurality of starting or parental polynucleotides to 
an exonuclease-mediated recombination process so as to produce a plu rality of progeny 
polynucleotides; and * (b) subjecting the progeny polynucleotides to an end selection-based screening 
and enrichment process, so as to select one or more of the progeny polynucleotides having at least one 
desirable property.|US 6 358709 Bl (Update 200224 E) 
Publication Date: 20020319 
**End selectio n in directed evolution.** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Encinitas, CA, US Frey, Gerh ard Johann, San Diego, CA, US 
Agent: Gray Cary Ware Freidenrich LLP Haile; Lisa A. 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 19958316 P 19951207 (Related to 
Provisional) U S 19966771 12 A 19960709 (C-I-P of application) US 1996760489 A 199612 05 
(Continuation of application) US 1998185373 A 19981 103 (C-I-P of a pplication) US 1999246178 A 
19990204 (C-I-P of application) US 199926 71 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C-I- P of application) US 1999332835 A 19990614 (C-I-P of application) US 2000495052 A 
200001 13 (C-I-P of application) US 2000498557 A 20000204 (C-I-P of application) US 2000522289 A 
20000309 (Local application) 

Related Publication: US 5830696 A (Continuation of patent) US 596540 8 A (C-I-P of patent) US 
6171820 A (C-I-P of patent) US 6238884 A (C-I-P of patent) 
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Original IPC: C12P-2/06(A) C07H-21/04(B) C07K-l/00( B) 
Current IPC: C12P-2/06(A) C07H-21/04(B) C07K-1/00(B) 
Original US C lass (secondary): 43569.1 530350 53623.2 

Original Abstract: This inve ntion provides methods of obtaining novel polynucleotides and encoded 
polypeptides by the use of non- stochastic methods of directed evolut ion (DirectEvolution(TM)). A 
particular advantage of end-selection-ba sed methods is the ability to recover full-length polynucleotides 
fro m a library of progeny molecules generated by mutagenesis methods. Th ese methods include non- 
stochastic polynucleotide site-saturation mut agenesis (Gene Site Saturation Mutagenesis(TM)) and non- 
stochastic po lynucleotide reassembly (GeneReassembly(TM)). This invention provides methods of 
obtaining novel enzymes that have optimized physical /or biological properties. Through use of the 
claimed methods, genetic va ccines, enzymes, small molecules, and other desirable molecules can b e 
evolved towards desirable properties. For example, vaccine vectors can be obtained that exhibit 
increased efficacy for use as genetic va ccines. Vectors obtained by using the methods can have, for 
example, enhanced antigen expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune response, and the li ke. Furthermore, this invention provides methods of obtaining a 
varie ty of novel biologically active molecules, in the fields of antibioti cs, pharmacotherapeutics, and 
transgenic traits. 

Claim: 1 .A method for producing a polynucleotide encoding a polypeptide having a t least one desirable 
property, the method comprising: * (a) subjecting a plurality of first polynucleotides to simultaneous m 
utagenesis so as to produce a plurality of progeny polynucleotides; s aid mutagenesis comprising 
subjecting a codon-containing template pol ynucleotide to polymerase-based amplification using a 
plurality of de generate oligonucleotides for each codon to be mutagenized, where eac h of said 
degenerate oligonucleotides contains a degenerate triplet s equence, so as to generate a plurality of 
progeny polynucleotides; an d * (b) subjecting the plurality of progeny polynucleotides to end-select ion 
screening to select progeny polynucleotides encoding a polypeptid e having at least one desirable 
property.|US 6361974 Bl (Update 2002 26 E) 
Publication Date: 20020326 

**Exonuclease-mediated nucleic acid reassembly in directed evolution.** 
Assignee: Diversa Corporation, Sa n Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Rancho Santa Fe, CA , US Djavakhishvili, Tsotne David, San Diego, CA, US 

Frey, Gerhard Jo harm, San Diego, CA, US 

Agent: Gray Cary Ware Freidenrich Haile; Lis a A. Shen; Greg 

Language: EN 

Application: US 1995831 1 P 19951207 (Rel ated to Provisional) US 19958316 P 19951207 (Related to 
Provisional) US 1996677112 A 19960709 (C-I-P of application) US 1996760489 A 19961 205 
(Continuation of application) US 1998185373 A 19981103 (C-I-P of application) US 1999246178 A 
19990204 (C-I-P of application) US 19992 671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C-I -P of application) US 1999332835 A 19990614 (C-I-P of application) US 2000495052 A 
20000131 (C-I-P of application) US 2000498557 A 2000020 4 (C-I-P of application) US 2000522289 A 
20000309 (C-I-P of applicati on) US 2000535754 A 20000327 (Local application) 
Related Publication: US 5830696 A (Continuation of patent) US 5965408 A (C-I-P of paten t) 
Original IPC: C12P-21/06(A) C07H-21/04(B) C07K-1/00(B) 
Current IPC : C12P-21/06(A) C07H-21/04(B) C07K-1/00(B) 
Original US Class (seconda ry): 43569.1 530350 53623.2 

Original Abstract: This invention provide s methods of obtaining novel polynucleotides and encoded 
polypeptides by the use of non- stochastic methods of directed evolution (DirectEv olution(TM)). A 
particular advantage of exonuclease-mediated reassemb ly methods is the ability to reassemble nucleic 
acid strands that wou Id otherwise be problematic to chimerize. Exonuclease-mediated reasse mbly 
methods can be used in combination with other mutagenesis method s provided herein. These methods 
include non-stochastic polynucleotid e site-saturation mutagenesis (Gene Site Saturation Mutagenesis 
(TM)) and non-stochastic polynucleotide reassembly (GeneReassembly(TM)). Th is invention provides 
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methods of obtaining novel enzymes that have op timized physical /or biological properties. Through 
use of the claime d methods, genetic vaccines, enzymes, small molecules, and other desi rable molecules 
can be evolved towards desirable properties. For exam pie, vaccine vectors can be obtained that exhibit 
increased efficacy for use as genetic vaccines. Vectors obtained by using the methods ca n have, for 
example, enhanced antigen expression, increased uptake in to a cell, increased stability in a cell, ability 
to tailor an immune response, and the like. Furthermore, this invention provides methods of obtaining a 
variety of novel biologically active molecules, in th e fields of antibiotics, pharmacotherapeutics, and 
transgenic traits. 

Claim: l.A method for producing a mutagenized progeny polynucleotide, comprising subjecting a 
starting or parental polynucleotide set to an in vitro ex onuclease-mediated reassembly process so as to 
produce a progeny polynu cleotide set.|US 6368798 Bl (Update 200227 E) 
Publication Date: 200204 09 
**Screening for novel bioactivities.** 

Assignee: Diversa Corporation , San Diego, CA, US (DIVE-N) 
Inventor: Short, Jay M., Encinitas, CA, US 
Agent: Gray Cary Ware Freidenrich LLP Haile; Lisa A. 
Language: EN 

App lication: US 19958317 P 19951207 (Related to Provisional) US 1996692002 A 19960802 (C-I-P of 
application) US 1997944795 A 19971006 (Division o f application) US 1999421970 A 19991020 
(Local application) 

Related Pub lication: US 6030779 A (Division of patent) US 6054267 A (C-I-P of pa tent) 
Original IPC: C12Q-1/68(A) C12P-19/34(B) 
Current IPC: C12Q-1/68(A ) C12P-19/34(B) 
Original US Class (secondary): 4356 43591 .2 

Original Ab stract: Disclosed is a process for identifying clones having a specifie d enzyme activity by 
screening for the specified enzyme activity in a 1 ibrary of clones prepared by (i) selectively isolating 
target nucleic a cid from nucleic acid derived from at least one microorganism, by use o f at least one 
polynucleotide probe comprising at least a portion of a nucleic acid sequence encoding an enzyme 
having the specified enzyme ac tivity; and (ii) transforming a host with isolated target nucleic acid to 
produce a library of clones which are screened for the specified enz yme activity. 
Claim: l.A method for identifying a desired bioactivity encoded by a genomic DNA population 
comprising: * (a) obtaining a single-stranded genomic DNA population; * (b) contacting the single- 
stranded DNA population of (a) with at leas t one DNA probe or a mixture of probes under conditions 
and for suffi cient time to allow hybridization and to produce a double-stranded co mplex of probe and 
members of the genomic DNA population which hybrid ize thereto; * (c) separating the complex from 
the single-stranded DNA population of (b); * (d) releasing from the probe the members of the genomic 
population wh ich had been bound to the probe; * (e) forming double-stranded DNA from the members 
of the genomic popul ation of (d); * (f) introducing the double-stranded DNA of (e) into a suitable host c 
ell to produce a library containing a plurality of clones containing the selected DNA; and * (g) screening 
the library for clones encoding the desired activity.) US 6479258 B 1 (Update 200278 E) 
Publication Date: 2002 1 1 1 2 
**Non-stoc hastic generation of genetic vaccines** 
Assignee: Diversa Corporation , San Diego, CA, US (DIVE-N) 
Inventor: Short, Jay M., Rancho Santa Fe , CA, US 
Agent: Gray Cary Ware Freidenrich LLP, US Haile, Lisa A., U S 
Language: EN 

Application: US 19958311 P 19951207 (Related to Provis ional) US 1996760489 A 19961205 (C-I-P of 
application) US 1998185373 A 19981 103 (C-I-P of application) US 1999246178 A 19990204 (C-I-P of 
application) US 1999276860 A 19990326 (C-I-P of application) US 20004 95052 A 20000131 (Local 
application) 

Related Publication: US 5830696 A (C-I-P of patent) US 6171820 A (C-I-P of patent) 
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Original IPC: CI 2P-21/06(A) C07H-21/04(B) C07K-1/00(B) 
Current IPC: C12P-21/06(A) C07 H-21/04(B) C07K-1/00(B) 
Original US Class (secondary): 43569.1 530350 53623.2 

Original Abstract: This invention provides methods of obtain ing vaccines by use of non-stochastic 
methods of directed evolution ( DirectEvolution(TM)). These methods include non-stochastic 
polynucleo tide site-satuaration mutagenesis (Gene Site Saturation Mutagenesis(T M)) and non- 
stochastic polynucleotide reassembly (GeneReassembly(TM)) . Through use of the claimed methods, 
vectors can be obtained which e xhibit increased efficacy for use as genetic vaccines. Vectors obtain ed 
by using the methods can have, for example, enhanced antigen expre ssion, increased uptake into a cell, 
increased stability in a cell, a bility to tailor an immune response, and the like. 

Claim: What is cl aimed is: 1.1. A method for obtaining an immunomodulatory polynucleotide that has a 

n optimized modulatory effect on an immune response as compared to the response prior to 

optimization, or encodes a polypeptide that has an op timized modulatory effect on an immune response 

as compared to the resp onse prior to optimization, the method comprising: * creating a library of non- 

stochastically generated progeny polynucleo tides from a parental polynucleotide set, wherein 

optimization is ach ieved by at least one directed evolution method in any combination, p ermutation 

and iterative manner. |US 6632600 Bl (Update 200368 E) 

Pub lication Date: 20031014 

**Altered thermostability of enzymes** 

Assign ee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US 

Agent: Love, Jane M., US Hale and Dor r LLP, US 

Language: EN 

Application: US 19958316 P 19951207 (Related t o Provisional) US 1996651568 A 19960522 
(Continuation of application) US 1999375605 A 19990817 (C-I-P of application) US 2000535754 A 
2000 0327 (C-I-P of application) US 2000663620 A 20000915 (Continuation of application) US 
2000714780 A 20001 1 15 (Local application) 

Related Pu blication: US 5939250 A (Continuation of patent) US 6361974 A (C-I- P of patent) 
Original IPC: C12Q-1 /00(A) 
Current IPC: C12Q-1/00(A) 

Ori ginal US Class (secondary): 4354 4356 43514 43515 43516 43518 43519 4 3521 43522 43523 
43524 43525 43526 43527 43528 

Original Abstract: Pro vided is a method of screening gene libraries derived from a mixed po pulation of 
organisms for a bioactivity or biomolecule of interest. T he mixed population of organisms can be a 
cultured population or an u ncultured population from, for example, the environment. Also provide d are 
methods of screening isolates or enriched populations of organi sms, which isolates include a population 
that is spatially, temporall y, or hierarchical, for example, of a particular species, genus, fami ly, or class 
of organisms. Identified clones containing a biomolecule or bioactivity of interest can be further 
variegated or the DNA cont ained in the clone can be variegated to create novel biomolecules or 
bioactivities of interest. 

Claim: What is claimed is: 1.1 . A method for identifying a protein or polypeptide having an altered 
thermostability compared with a thermostability of a wild-type protein or polypeptide, the method 
comprising: * a) constructing a library of clones, wherein the clones are construct ed from nucleic acids 
obtained from an unselected mixed population of organisms from an environmental sample; * (b) 
determining thermostability of one or more wild-type proteins or polypeptides expressed from one or 
more clones of the library; * (c) subjecting one or more of the clones of (b) to mutagenesis; * (d) 
determining thermostability of modified proteins or polypeptides expressed from the clones of (c); * (e) 
comparing the thermostability of the one or more wild-type protei ns or polypeptides of (b) with the 
thermostability of at least one co rresponding modified protein or polypeptide of (d), thereby identifyi 
ng one or more clones expressing a modified proteins or polypeptides having an altered thermostability, 
and; * (f) selecting at least one protein or polypeptide having an altered t hermostability.|US 6635449 
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B2 (Update 200370 E) 
Publication Date: 20 031021 

**Exonuclease-mediated nucleic acid reassembly in directed evo lution** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 
In ventor: Short, Jay M., Rancho Santa Fe, CA, US 
Agent: Love, Jane M., US Hale and Dorr LLP, US 
Language: EN 

Application: US 19958311 P 1995 1207 (Related to Provisional) US 19958316 P 19951207 (Related to 
Prov isional) US 19966771 12 A 19960709 (C-I-P of application) US 199676048 9 A 19961205 
(Continuation of application) US 1998185373 A 19981103 ( C-I-P of application) US 1999246178 A 
19990204 (C-I-P of application) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
1999 0326 (C-I-P of application) US 1999332835 A 19990614 (C-I-P of applic ation) US 2000495052 
A 20000131 (C-I-P of application) US 2000498557 A 20000204 (C-I-P of application) US 2000522289 
A 20000309 (C-I-P of application) US 2000535754 A 20000327 (Continuation of application) U S 
2002108077 A 20020326 (Local application) 

Related Publication: US 5 830696 A (Continuation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I-P of patent) US 6238884 A (C-I-P of patent) US 6335 179 A (C-I-P of patent) US 
6352842 A (C-I-P of patent) US 6358709 A (C-I-P of patent) US 6361974 A (Continuation of patent) 
US 6479258 A (C-I-P of patent) US 6537776 A (C-I-P of patent) 
Original IPC: C 12P-21/06(A) C07H-21/04(B) C07K-17/00(B) 
Current IPC: C12P-21/06(A) C 07H-21/04(B) C07K-17/00(B) 
Original US Class (secondary): 43569.1 530 350 53623.2 

Original Abstract: This invention provides methods of obt aining novel polynucleotides and encoded 
polypeptides by the use of n on-stochastic methods of directed evolution (DirectEvolution(TM)). A 
particular advantage of exonuclease-mediated reassembly methods is th e ability to reassemble nucleic 
acid strands that would otherwise be problematic to chimerize. Exonuclease-mediated reassembly 
methods can be used in combination with other mutagenesis methods provided herei n. These methods 
include non-stochastic polynucleotide site-saturatio n mutagenesis (Gene Site Saturation Mutagenesis 
(TM)) and non-stochast ic polynucleotide reassembly (GeneReassembly(TM)). This invention pro vides 
methods of obtaining novel enzymes that have optimized physical /or biological properties. Through use 
of the claimed methods, genet ic vaccines, enzymes, small molecules, and other desirable molecules can 
be evolved towards desirable properties. For example, vaccine vec tors can be obtained that exhibit 
increased efficacy for use as genet ic vaccines. Vectors obtained by using the methods can have, for 
exam pie, enhanced antigen expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune response, and the like. Furthermore, this invention provides methods of obtaining a 
variety of novel biologically active molecules, in the fields of antibiotics, pharmacotherapeutics, and 
transgenic traits. 

Claim: What is claimed is: 1.1 . A method for producing a mutagenized progeny polynucleotide, compris 
ing: * (a) subjecting a starting or parental polynucleotide set to an in vit ro exonuclease-mediated 
reassembly process, said exonuclease-mediated reassembly process comprising treatment with an 
enzyme having a 3pri me exonuclease activity, treatment with an enzyme having a 5prime exo nuclease 
activity, treatment with an enzyme having both a 3prime exon uclease activity and a 5prime exonuclease 
activity, treatment with an enzyme having nuclease activity, treatment with an enzyme having pol 
ymerase activity, or a combination thereof, whereby single-stranded p olynucleotide sequences are 
generated; and * (b) producing a progeny polynucleotide resulting from hybridization o f the single- 
stranded polynucleotide sequences of (a).|US 6696275 B2 (Update 200415 E) 
Publication Date: 20040224 
**End selection in dire cted evolution** 
Assignee: Diversa Corporation, San Diego, CA, US (DI VE-N) 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US Frey, Gerhard Johann, San Diego, CA, US 
Agent: Hale and Dorr, L.L.P., US Love, Jane M., US 
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Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 1996760489 A 19961205 (C-I-P of 
application) US 19981 85373 A 19981 103 (C-I-P of application) US 1999246178 A 19990205 (C-I -P 
of application) US 19992671 18 A 19990309 (Continuation of applicat ion) US 2001867262 A 
20010529 (Local application) 

Related Publication : US 5830696 A (C-I-P of patent) US 6171820 A (C-I-P of patent) US 6238884 A 

(Continuation of patent) US 6335179 A (C-I-P of patent) 

O riginal IPC: C12P-21/06(A) C07H-21/04(B) C07K-17/00(B) 

Current IPC: C 12P-21/06(A) C07H-21/04(B) C07K-17/00(B) 

Original US Class (secondary ): 43569.1 530350 53623.2 

Original Abstract: A directed evolution pro cess comprising novel methods for generating improved 
progeny molecul es having desirable properties, including, for example, a method for rapid and 
facilitated production from a parental polynucleotide tempi ate, of a set of mutagenized progeny 
polynucleotides wherein at least one codon encoding each of the 20 naturally encoded amino acids is r 
epresented at each original codon position. This method, termed site- saturation mutagenesis, or simply 
saturation mutagenesis, is preferab ly based on the use of the degenerate N,N,G/T sequence. Also, a 
metho d of producing from a parental polypeptide template, a set of mutagen ized progeny polypeptides 
wherein each of the 20 naturally encoded am ino acids is represented at each original amino acid 
position. Also, other mutagenization processes that can be used in combination with, or in lieu of, 
saturation mutagenesis, including, for example: (a) as sembly and/or reassembly of polynucloetide 
building blocks, which bui lding blocks can be sections of genes /or of gene families; and (b) i 
ntroduction of two or more related polynucleotides into a suitable ho st cell such that a hybrid 
polynucleotide is generated by recombinati on and reductive reassortment. Also, vector and expression 
vehicles i ncluding such polynucleotides and correspondingly expressed polypepti des. Also molecular 
property screening methods, including a preferred method, termed end selection, comprised of using an 
enzyme, such as a topoisomerase, a restriction endonuclease, /or a nicking enzyme (su ch as N. BstNB 
I), to detect a specific terminal sequence in a workin g polynucleotide, to produce a ligatable end thereat, 
and to ligate a nd clone the working polynucleotide. 

Claim: What is claimed is: 1.1. A method for producing and isolating a polypeptide having at least o ne 
desirable property comprising the steps of: * (a) subjecting a starting or parental polynucleotide set to a 
mutagen esis process so as to produce a progeny polynucleotide set; and * (b) subjecting the progeny 
polynucleotide set to an end selection-bas ed screening and enrichment process, so as to select for a 
desirable subset of the progeny polynucleotide set which produces a polypeptide having at least one 
desirable property. |US 6709841 B2 (Update 20042 IE) 
Publication Date: 20040323 

**Exonuclease-mediated gene assembly in directed evolution** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 
Inventor: Short, Jay M., Rancho Santa Fe, CA, US 
Agent: Love, Jane M., US Hale and Dorr LLP, US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 1996760489 A 19961205 
(Continuation of application) US 1998185373 A 19981103 (C-I-P of app lication) US 1999246178 A 
19990204 (C-I-P of application) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (Contin uation of application) US 200287426 A 20020301 (Local application) 
Re lated Publication: US 5830696 A (Continuation of patent) US 6171820 A (C-I-P of patent) US 
6238884 A (C-I-P of patent) US 6335179 A (C -I-P of patent) US 6352842 A (Continuation of patent) 
Original IPC: C12P-21/06(A) C07H-21/04(B) C07K-17/00(B) 
Current IPC: C12P-21/06(A) C07H-21/04(B) C07K-17/00(B) 
Original US Class (secondary): 43569.1 53 0350 53623.2 

Original Abstract: A directed evolution process comprisi ng novel methods for generating improved 
progeny molecules having des irable properties, including, for example, a method for rapid and fac 
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ilitated production from a parental polynucleotide template, of a set of mutagenized progeny 
polynucleotides wherein at least one codon en coding each of the 20 naturally encoded amino acids is 
represented at each original codon position. This method, termed site-saturation mu tagenesis, or simply 
saturation mutagenesis, is preferably based on t he use of the degenerate N,N,G/T sequence. Also, a 
method of producin g from a parental polypeptide template, a set of mutagenized progeny polypeptides 
wherein each of the 20 naturally encoded amino acids is represented at each original amino acid 
position. Also, other mutagen ization processes that can be used in combination with, or in lieu of , 
saturation mutagenesis, including, for example: (a) assembly and/or reassembly of polynucloetide 
building blocks (including sections of genes /or of gene families) mediated by a source of exonuclease 
activ ity such as exonuclease III; and (b) introduction of two or more rela ted polynucleotides into a 
suitable host cell such that a hybrid poly nucleotide is generated by recombination and reductive 
reassortment. Also molecular property screening methods, including a preferred meth od, termed end 
selection, comprised of using an enzyme, such as a top oisomerase, a restriction endonuclease, /or a 
nicking enzyme (such as N. BstNB I), to detect a specific terminal sequence in a working pol 
ynucleotide, to produce a ligatable end thereat, and to ligate and cl one the working polynucleotide. 
Claim: What is claimed is: 1.1. A method of identifying a polypeptide having a desirable property, c 
omprising the steps of: * (a) subjecting a starting or parental polynucleotide set to an exonuc lease- 
mediated recombination process to produce a progeny polynucleot ide set; * (b) subjecting the progeny 
polynucleotide set to an end selection-bas ed screening and enrichment process to select for a progeny 
polynucle otide subset, wherein members of the subset have a desirable property ; * (c) expressing the 
progeny polynucleotide subset to generate a polype ptide set; and * (d) screening the polypeptide set to 
identify a polypeptide having th e desirable property.|US 6713279 Bl (Update 200423 E) 
Publication Da te: 20040330 

**Non- stochastic generation of genetic vaccines and enzy mes** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 
Inven tor: Short, Jay M., Rancho Santa Fe, CA, US 
Agent: Love, Jane M., US Butler, James E., US 
Language: EN 

Application: US 19958311 P 19951207 (Related to Provisional) US 19958316 P 19951207 (Related to 
Provisio nal) US 19966771 12 A 19960709 (C-I-P of application) US 1996760489 A 19961205 
(Continuation of application) US 1998185373 A 19981 103 (C-I- P of application) US 1999246178 A 
19990204 (C-I-P of application) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C-I-P of application) US 1999332835 A 19990614 (C-I-P of applicatio n) US 2000495052 A 
20000131 (C-I-P of application) US 2000498557 A 20 000204 (Local application) 
Related Publication: US 5830696 A (Contin uation of patent) US 5965408 A (C-I-P of patent) US 
6171820 A (C-I- P of patent) US 6238884 A (C-I-P of patent) US 6335179 A (C-I-P of patent) US 
6352842 A (C-I-P of patent) US 6479253 A (C-I-P of paten t) US 6537776 A (C-I-P of patent) 
Original IPC: C12P-21/06(A) C12N-5 /06(B) C12N-15/00(B) C12Q-1/68(B) 
Current IPC: C12P-21/06(A) C12N-5/0 6(B) C12N-15/00(B) C12Q-1/68(B) 
Original US Class (secondary): 43569. 1 4356 435334 435320.1 

Original Abstract: This invention provides met hods of obtaining novel polynucleotides and encoded 
polypeptides by u se of non-stochastic methods of directed evolution (DirectEvolution(T M)). These 
methods include non-stochastic polynucleotide site-saturat ion mutagenesis (Gene Site Saturation 
Mutagenesis(TM)) and non-stocha stic polynucleotide reassembly (GeneReassembly(TM)). Through 
use of t he claimed methods, genetic vaccines, enzymes, and other desirable mo lecules can be evolved 
towards desirable properties. For example, vac cine vectors can be obtained that exhibit increased 
efficacy for use as genetic vaccines. Vectors obtained by using the methods can have, for example, 
enhanced antigen expression, increased uptake into a eel 1, increased stability in a cell, ability to tailor an 
immune respons e, and the like. This invention provides methods of obtaining novel e nzymes that have 
optimized physical /or biological properties. Furthe rmore, this invention provides methods of obtaining 
a variety of nove 1 biologically active molecules, in the fields of antibiotics, pharma cotherapeutics, and 
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transgenic traits. 

Claim: What is claimed is: 1.1. A method of providing an immunomodulatory polynucleotide that has an 

optimized modulatory effect on an immune response, or encodes a polype ptide that has an optimized 

modulatory effect on an immune response, th e method comprising creating a library of non- 

stochastically generated progeny polynucleotides from a parental polynucleotide set, thereby pro viding 

an immunomodulatory polynucleotide.|US 6713281 B2 (Update 20042 3 E) 

Publication Date: 20040330 

**Directed evolution of thermophilic en zymes** 

Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inven tor: Short, Jay M., Encinitas, CA, US 

Agent: Love, Jane M., US Hale and Dorr LLP, US 

Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 1996760489 A 19961205 
(Continuation of application) US 1998185373 A 19981103 (Continuation of application) US 200139293 
A 2001 1231 (Local application) 

Related Publication: US 5830696 A (Contin uation of patent) US 6335179 A (Continuation of patent) 
Original IPC: C12P-21/06(A) C07K-17/00(B) 
Current IPC: C12P-21/06(A) C07K-17/00(B) 
Or iginal US Class (secondary): 43569.1 530350 

Original Abstract: Thermost able enzymes are subjected to mutagenesis to produce a thermophilic enz 
yrne which is stable at thermophilic temperature and which has increased activities at least two-fold 
higher than the activity of the wild-type thermostable enzyme at lower temperatures, which are 
temperatures of 5 0(deg) C. or lower. 

Claim: What is claimed is: 1.1. A method of producing a thermostable enzyme which is stable at tempe 

ratures of at least 60(deg) C. and which exhibits higher activity at a desired lower temperature below 60 

(deg) C, compared with a correspondi ng wild-type enzyme at its optimal temperature, comprising: * (a) 

isolating nucleic acid from a thermophilic organism, said nucleic acid comprising at least one 

polynucleotide encoding a desired enzym e which is stable at a temperature of at least 60(deg) C; * (b) 

preparing a library of clones generated from the nucleic acid of step (a); * (c) mutating the nucleic acid 

sequence contained in a clone from the library comprising the at least one polynucleotide of step (a); and 

* (d) screening mutants produced by the mutating step (c) to identify a mutated enzyme or a 

polynucleotide encoding a mutated enzyme, wherei n the mutated enzyme is stable at a temperature of at 

least 60(deg) C ., and has increased enzyme activity at a lower temperature than the activity of the 

corresponding wild-type enzyme at its optimal tempera ture.|US 6713282 B2 (Update 200423 E) 

Publication Date: 20040330 

**E nd selection in directed evolution** 

Assignee: Diversa Corporation, S an Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Encinitas, CA, US Frey, Gerhard Johann, San Diego, CA, US 

Agent: Love, Jane M., US Butl er, James E., US 

Language: EN 

Application: US 19958311 P 19951207 (Re lated to Provisional) US 19958316 P 19951207 (Related to 
Provisional) US 1996677112 A 19960709 (C-I-P of application) US 1996760489 A 1996 1205 
(Continuation of application) US 1998185373 A 19981103 (C-I-P of application) US 1999246178 A 
19990204 (C-I-P of application) US 1999 2671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C- I-P of application) US 1999332835 A 19990614 (C-I-P of application) U S 2000498557 
A 20000204 (C-I-P of application) US 2000522289 A 200003 09 (Continuation of application) US 
2001495052 A 20010131 (C-I-P of a pplication) US 200299816 A 20020314 (Local application) 
Related Publi cation: US 5830696 A (Continuation of patent) US 5965408 A (C-I-P o f patent) US 
6171820 A (C-I-P of patent) US 6238884 A (C-I-P of pat ent) US 6335179 A (C-I-P of patent) US 
6352842 A (C-I-P of patent) US 6358709 A (Continuation of patent) US 6479258 A (C-I-P of patent ) 
Original IPC: C12P-21/06(A) C12Q-1/68(B) 
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Current IPC: C12P-21/06(A) C12Q-1/68(B) 
Original US Class (secondary): 43569.1 4356 

Original Ab stract: This invention provides methods of obtaining novel polynucleo tides and encoded 
polypeptides by the use of non-stochastic methods o f directed evolution (DirectEvolution(TM)). A 
particular advantage of end-selection-based methods is the ability to recover full-length po lynucleotides 
from a library of progeny molecules generated by mutage nesis methods. These methods include non- 
stochastic polynucleotide si te-saturation mutagenesis (Gene Site Saturation Mutagenesis(TM)) and non- 
stochastic polynucleotide reassembly (GeneReassembly(TM)). This i nvention provides methods of 
obtaining novel enzymes that have optimi zed physical /or biological properties. Through use of the 
claimed me thods, genetic vaccines, enzymes, small molecules, and other desirabl e molecules can be 
evolved towards desirable properties. For example, vaccine vectors can be obtained that exhibit 
increased efficacy for use as genetic vaccines. Vectors obtained by using the methods can ha ve, for 
example, enhanced antigen expression, increased uptake into a cell, increased stability in a cell, ability 
to tailor an immune res ponse, and the like. Furthermore, this invention provides methods of obtaining a 
variety of novel biologically active molecules, in the fi elds of antibiotics, pharmacotherapeutics, and 
transgenic traits. 

CI aim: What is claimed is: 1.1. A method for producing and isolating a polypeptide having at least o ne 
desirable property comprised of the steps of: * (a) subjecting a starting or parental polynucleotide set to 
a mutagen esis process so as to produce a progeny polynucleotide set; said muta genesis process 
comprising subjecting a codon-containing template pol ynucleotide to a polymerase-based amplification 
using a plurality of degenerate oligonucleotides for each codon to be mutagenized, where e ach of said 
degenerate oligonucleotides contains a degenerate triplet sequence, so as to generate a plurality of 
progeny polynucleotides, and * (b) subjecting the progeny polynucleotide set to an end selection-bas ed 
screening and enrichment process, so as to select for a desirable subset of the progeny polynucleotide 
set; * whereby the above steps can be performed iteratively and in any order , combination, and 
permutation, * whereby the end selection-based process of step (b) creates ligation- compatible ends, * 
whereby the creation of ligation-compatible ends in step (b) is optio nally used to facilitate one or more 
intermolecular ligations, that a re preferably directional ligations, within members of the progeny po 
lynucleotide set so as to achieve assembly and/or reassembly mutagene sis, * whereby the creation of 
ligation-compatible ends in step (b) serves t o facilitate ligation of the progeny polynucleotide set into an 
expre ssion vector system and expression cloning, * whereby the expression cloning of the progeny 
polynucleotide set serv es to generate a polypeptide set, * whereby the generated polypeptide set can be 
subjected to an expressi on screening process, and * whereby expression screening of the progeny 
polypeptide set provides a means to identify a desirable species.|US 6740506 B2 (Update 20043 5 E) 
Publication Date: 20040525 
**End selection in directed evolution ** 
Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor : Short, Jay M., Rancho Santa Fe, CA, US Frey, Gerhard Johann, San Di ego, CA, US 
Agent: Love, Jane M., US Hale and Dorr LLP, US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 19 96760489 A 19961205 
(Continuation of application) US 1998185373 A 199 81 103 (C-I-P of application) US 1999246178 A 
19990204 (C-I-P of appli cation) US 19992671 18 A 19990309 (C-I-P of application) US 1999276860 A 
19990326 (C-I-P of application) US 1999332835 A 19990614 (C-I-P of application) US 2000495052 A 
20000131 (C-I-P of application) US 2000 498557 A 20000204 (C-I-P of application) US 2000522289 A 
20000309 (Co ntinuation of application) US 2001885551 A 20010619 (Local applicatio n) 
Related Publication: US 5830696 A (Continuation of patent) US 617 1820 A (C-I-P of patent) US 
6238884 A (C-I-P of patent) US 6335179 A (C-I-P of patent) US 6352842 A (C-I-P of patent) US 
6358709 A (C ontinuation of patent) 

Original IPC: C12P-21/06(A) C07K-17/00(B) C12P -21/04(B) G01N-33/53(B) 
Current IPC: C12P-21/06(A) C07K-17/00(B) C12P -21 /04(B) G01N-33/53(B) 
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Original US Class (secondary): 43569.1 43569. 7 4357.6 530350 

Original Abstract: This invention provides methods of obtaining novel polynucleotides and encoded 
polypeptides by the use of non- stochastic methods of directed evolution (DirectEvolution(TM)) . A 
particular advantage of end-selection-based methods is the abilit y to recover full-length polynucleotides 
from a library of progeny mo lecules generated by mutagenesis methods. These methods include non-s 
tochastic polynucleotide site-saturation mutagenesis (Gene Site Satur ation Mutagenesis(TM)) and non- 
stochastic polynucleotide reassembly ( GeneReassembly(TM)). This invention provides methods of 
obtaining nov el enzymes that have optimized physical /or biological properties. Th rough use of the 
claimed methods, genetic vaccines, enzymes, small mo lecules, and other desirable molecules can be 
evolved towards desirab le properties. For example, vaccine vectors, can be obtained that exh ibit 
increased efficacy for use as genetic vaccines. Vectors obtained by using the methods can have, for 
example, enhanced antigen express ion, increased uptake into a cell, increased stability in a cell, abi lity 
to tailor an immune response, and the like. Furthermore, this in vention provides methods of obtaining a 
variety of novel biologically active molecules, in the fields of antibiotics, pharmacotherapeutics , and 
transgenic traits. 

Claim: What is claimed is: 1 .1 . A method of producing mutagenized polypeptides containing a selectab 

le feature comprising the steps of: * a) mutagenizing polypeptides containing a selectable feature to 

produ ce diversely mutagenized polypeptides; * b) selecting from the diversely mutagenized 

polypeptides those contai ning the selectable feature; and, * thereby producing the mutagenized 

polypeptides containing the selecta ble feature.|US 6764835 B2 (Update 200448 E) 

Publication Date: 20040 720 

♦♦Saturation mutageneis in directed evolution** 

Assignee: Diversa Corporation, San Diego, CA, US (DIVE-N) 

Inventor: Short, Jay M., Ran cho Santa Fe, CA, US 

Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 19958316 P 19951207 (Related to 
Provisio nal) US 1996651568 A 19960522 (C-I-P of application) US 19966771 12 A 19960709 (C-I-P of 
application) US 1996760489 A 19961205 (C-I-P of ap plication) US 1998185373 A 19981 103 
(Continuation of application) US 1999246178 A 19990204 (Continuation of application) US 
2001756459 A 2 0010108 (Continuation of application) US 2002309587 A 20021204 (Local 
application) 

Related Publication: US 5830696 A (C-I-P of patent) US 5939250 A (C-I-P of patent) US 5965408 A 
(C-I-P of patent) US 6171 820 A (Continuation of patent) US 6335179 A (Continuation of patent ) US 
6562594 A (Continuation of patent) 

Original IPC: C12P-21/06(A) C07K-17/00(B) C12P-21/04(B) G01N-33/53(B) 
Current IPC: C12P-21/06(A) C07K-17/00(B) C12P-21/04(B) G01N-33/53(B) 
Original US Class (secondar y): 43569.1 4357.6 43569.7 530350 

Original Abstract: Disclosed is a r apid and facilitated method of producing from a parentlal template po 
lynucleotide, a set of mutagenized progeny polynculeotides whereby at each original codon position 
there is produced at least one substitu te codon encoding each of the 20 naturally encoded amino acids. 
Accor dingly, there is also provided a method of producing from a parental template polypeptide, a set 
of mutagenized progeny polypeptides where in each of the 20 naturally encoded amino acids is 
represented at eac h original amino acid position. The method provided is termed site-sa turation 
mutagenesis, or simply saturation mutagenesis, and can be us ed in combination with other 
mutagenization processes, such as, for e xample, a process wherein two or more related polynucleotides 
are int roduced into a suitable host cell such that a hybrid polynucleotide i s generated by recombination 
and reductive reassortment. Also provide d are vector and expression vehicles incuding such 
polynucleotides, p olypeptides expressed by the hybrid polynucleotides and a method for screening for 
hybrid polypeptides. 

Claim: What is claimed is: 1 .1 . A method for producing a set of progeny polypeptides from a template 
polynucleotide encoding a parental polypeptide, wherein the progeny po lypeptides contain a non- 
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stochastic range of single codon substitutions represented at each amino acid position comprising: * 
subjecting a circular nucleic acid molecule comprising a codon-contai ning template polynucleotide to a 
polymerase-based amplification usin g a 64-fold degenerate oligonucleotide for each codon to be 
mutageniz ed, said 64- fold degenerate oligonucleotides comprising a first homol ogous sequence and a 
degenerate N,N,N triplet sequence, so as to gene rate a set of progeny polynucleotides; and * subjecting 
said set of progeny polynucleotides to clonal amplificatio n such that progeny polypeptides encoded by 
the progeny polynucleotid es are expressed; * whereby, said method provides a means for generating at 
least 19 different amino acid changes at each amino acid site along a parental pol ypeptide.|US 6790605 
Bl (Update 200460 E) 
Publication Date: 20040914 

**Methods for obtaining a desired bioactivity or biomolecule using D NA libraries from an 
environmental source** 

Assignee: Diversa Corpora tion, San Diego, CA, US (DIVE-N) 
Inventor: Short, Jay M., Encinitas, CA, US 
Language: EN 

Application: US 19958316 P 19951207 (Related to P rovisional) US 1996651568 A 19960522 
(Continuation of application) US 1999375605 A 19990817 (Local application) 
Related Publication: US 59 39250 A (Continuation of patent) 
Original IPC: C12Q-1 /00(A) 
Current IPC: C12Q-1/00(A) 

Original US Class (secondary): 4354 4356 43514 4351 5 43516 43518 43519 43521 43522 43523 
43524 

Original Abstract: Disclo sed is a process for obtaining an enzyme having a specified enzyme ac tivity 
derived from a heterogeneous DNA population by screening, for the specified enzyme activity, a library 
of clones containing DNA fro m the heterogeneous DNA population which have been exposed to directe 
d mutagenesis towards production of the specified enzyme activity. Al so disclosed is a process for 
obtaining an enzyme having a specified enzyme activity by screening, for the specified enzyme activity, 
a li brary of clones containing DNA from a pool of DNA populations which h ave been exposed to 
directed mutagenesis in an attempt to produce in the library of clones DNA encoding an enzyme having 
one or more desir ed characteristics which can be the same or different from the specified enzyme 
activity. 

Claim: What is claimed is: 1 . 1 . A method for identifying a protein having a desired activity, the me thod 
comprising: * (a) constructing a DNA library from unselected DNA molecules obtained directly from an 
environmental source; * (b) subjecting the library to mutagenesis * (c) expressing the DNA molecules of 
the mutagenized library to produc e proteins; and * (d) screening the proteins produced in (c) to identify 
one or more pr otein(s) with the desired activity.|US 6939689 B2 (Update 200558 E) 
Publication Date: 20050906 

**Exonuclease-mediated nucleic acid reasse mbly in directed evolution** 

Assignee: Diversa Corporation, San Diego , CA, US (DIVE-N) Short, Jay M., Rancho Santa Fe, CA, US 
Residence: U S Djavakhishvili, Tsotne David, San Diego, CA, US Residence: US Frey, Gerhard Johann, 
San Diego, CA, US Residence: US 

Inventor: Short, Jay M., Rancho Santa Fe, CA, US Residence: US Djavakhishvili, Tsotne Dav id, San 
Diego, CA, US Residence: US Frey, Gerhard Johann, San Diego, CA, US Residence: US 
Language: EN 

Application: US 1995831 1 P 19951207 (Related to Provisional) US 1996760489 A 19961205 
(Continuation of a pplication) US 1998185373 A 19981 103 (C-I-P of application) US 199924 6178 A 
19990204 (C-I-P of application) US 1999267118 A 19990309 (C-I- P of application) US 1999276860 A 
19990326 (C-I-P of application) US 1999332835 A 19990614 (C-I-P of application) US 2000495052 A 
20000131 (C-I-P of application) US 2000498557 A 20000204 (C-I-P of applicatio n) US 2000522289 A 
20000309 (C-I-P of application) US 2000535754 A 20 000327 (Continuation of application) US 
200129221 A 2001 1221 (Local a pplication) 
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Related Publication: US 5830696 A (Continuation of paten t) US 6171820 A (C-I-P of patent) US 
6238884 A (C-I-P of patent) US 6335179 A (C-I-P of patent) US 6352842 A (C-I-P of patent) US 6358 
709 A (C-I-P of patent) US 6361974 A (Continuation of patent) US 64 79258 A (C-I-P of patent) US 
6537776 A (C-I-P of patent) US 6713279 A (C-I-P of patent) 
Original IPC: C12P-21/06(A) C07H-21/04(B) C07K- 17/00(B) 
Current IPC: C12P-21/06(A) C07H-21/04(B) C07K-17/00(B) 
Origi nal US Class (secondary): 43569.1 530350 53623.2 

Original Abstract: T his invention provides methods of obtaining novel polynucleotides and encoded 
polypeptides by the use of non-stochastic methods of directe d evolution (DirectEvolution(TM)). A 
particular advantage of exonucle ase-mediated reassembly methods is the ability to reassemble nucleic 
acid strands that would otherwise be problematic to chimerize. Exonuc lease-mediated reassembly 
methods can be used in combination with oth er mutagenesis methods provided herein. These methods 
include non-sto chastic polynucleotide site-saturation mutagenesis (Gene Site Saturat ion Mutagenesis 
(TM)) and non-stochastic polynucleotide reassembly (Ge neReassembly(TM)). This invention provides 
methods of obtaining novel enzymes that have optimized physical /or biological properties. Thro ugh 
use of the claimed methods, genetic vaccines, enzymes, small mole cules, and other desirable molecules 
can be evolved towards desirable properties. For example, vaccine vectors can be obtained that exhibi t 
increased efficacy for use as genetic vaccines. Vectors obtained by using the methods can have, for 
example, enhanced antigen expression , increased uptake into a cell, increased stability in a cell, abilit y 
to tailor an immune response, and the like. Furthermore, this inven tion provides methods of obtaining a 
variety of novel biologically ac tive molecules, in the fields of antibiotics, pharmacotherapeutics, a nd 
transgenic traits. 

Claim: 1.1. A method for generating a mutagenized polynucleotide comprising: * a) annealing a poly- 
binding nucleic acid strand to two or more mono-b inding nucleic acid strands to generate an annealed 
heteromeric compl ex of nucleic acid strands, wherein said annealed complex comprises a bout 10, 100, 
1,000, 10,000, 100,000 or 1,000,000 bases; * b) subjecting unhybridized single-stranded ends of the 
annealed mono- binding nucleic acid strands in the heteromeric complex to an exonucl ease treatment 
that degrades said unhybridized ends; and * c) subjecting the annealed hertomeric complex to 
polymerase-based ext ension. 

WIPO 

Publication Number: WO 1997020918 Al (Update 199729 B) 
Publication Date: 19970612 

**METHOD OF SCREENING FOR ENZYME ACTIVITY** 
Assignee: RECOMBINANT BIOCATALYSIS, INC., US (RECO-N) 
Inventor: SHORT, JAY, M., US 
Language: EN (77 pages, 3 drawings) 

Application: WO 1996US 19457 A 19961206 (Local application) 

Priority: US 19958317 P 19951207 US 19958316 P 19951207 US 19958311 P 19951207 US 
1996651568 A 19960522 US 1996692002 A 19960802 

Designated States: (National Original) AU CA IL JP (Regional Original) AT BE CH DE DK ES FI FR 
GB GR IE IT LU MC NL PT SE 
Original IPC: C12N-9/00(A) 
Current IPC: C12N-9/00(A) 

Original Abstract: Disclosed are processes to identify desired enzymatic activity from a pool of DNA 
collected from one or more organisms or a DNA subjected to random directed mutagenesis. The 
methods involve the generation of DNA library in a host cell and screening for the desired activity. The 
process can be applied to develop thermally stable proteins having improved enzymatic activity at lower 
temperature. 
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(differential culturingh tt^E, 7.7 — v MJ y ;? ^Mffft 

ttu:, *fc£*E¥ttw*E-e, »jeov^<o*»oiB*»L<i8sv^aa-cfT*>*i, 

$j(Bronneomerier, K. and S taudenbauer, W. L. , D. R. Woods (ed) , the Clos 
tridia and 

Biotechnology, Butterworth Publishers, Stoneham.M. A. (1993))d*3ptf ?> 
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ffliS r#btvfc (derived) j *fctt nWB$ftfcj tt, «Wt^StO«)««5 (M 
i«^«K»fii-5t>o^*5«*W:a«<o||W) **b*9Hl4*tr^5^k*r 

JflfS r:x:?-£fi£L^V^PCR(error-^ne PCR)j ft, DNA^y^ 
5— H<D n tf— <0J6*ME (fidelity) ^fiV>*#T"CP CRSrffV\ P C RlttO 
^(Ct>fcoTXV«^jjM!itfiCil##&}t« * 5 Lfc#8*V* 5 (Leung 
, D.W. b % Technique, 1:11-15(1989) XtfCaldwell, R. C. & Joyce G. F. 
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,PCR Methods Applic. , 2 : 28-33 ( 1992) )„ 
%m r^-y=f^^U^KiSrRltt(directed)^aE*R38j tt, 

5£ <ta 5 ^££;fri££^MReidhaar-01son, J.F. & Sauer, K.T.b. 
Science, 241:53-57 (1988) ) 0 
ffl!§ rr-feV^U-PCR (assembly PCR)j ft, /hS V^DN ASrJfOS^ 

^^^rffii" (priming) o 
JflB rttMKsezuaDPCRftflOeJIIHSj e(«Httl:X<5V*DNA» 



fcJtS^7^^— #*(C<tS*lJli(crossover)<OH^S:V^5 (Stemmer, W. P. 
, P N A S , U S A, 91 : 10747-10751 (1994) ) . 

im rin vivo^ftSAffSj tt, -aa±oDNAifiKaKfc*«***^r 

DNAlc^^7>^^^Sr^-r5*«fe«r^5o Cti^o r*a— r- 
«e*>-Ofc*5 % D NA(0*ffi(C <fc 9 , M«DNA^(07y^A«S 

fflii rttttWft'n^SSEJIRifll (recursive ensemble mutagenesis) J 
"Cft ft S t> O SrSBgrS fc JfcfcHIB * ftfc * * R&S (engineering) (* V 
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Wi"5(Arkin, A. P. St^Youvan, D. C, PNAS, USA, 89:7811-7815(1992 
)). 

ffliS rjggft (exponent ial)«^Sfi(XA«HSj 14. -CWBtt&SJI 

flBWfc#>^*lC&4;tS75/»aS|3£$ft5fc©^*>») (Delegrave, S. 
iSlkXf Youvan, D. C. , Biotechnology Research, 11: 1548-1552 (1993) h * 
1t 9 yyA&tf!8&?§lRrt43§8&£S^|§( Arnold, F.H. , Current Opinion 
in Biotechnology, 4:450-455(1993)) £V> ?» ±ETigtf fcXf&te^T ivt>§l 



ISi«>©DNA*»e>aW$tvfcDNASriaJlZ-t-5ii:t<t0»jg*jifc^ 
AE£J©lS#©£»&5V>tt-|r<?fcS^>5K tt-aODNAEJlJ^WW^ 

(a) -*«D N A£ffl £-#g(D N A*ffl(C t , 

W'vfyjW*-'/! vSrWiBi-r5*< 2 t : TT?(a)©-*:«DNA*aSry 
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(c) (b) ©r*(R*^*Sr«nEy KOH«»JWfl^Wt««**-Cl(rtl 

(d) (b) D NAlffl^b B«I«£#*#IB U 

(e) -fxi-zffrh Iffi^^n- ^(die-g- L fcHH © y 3 tf. 

(f ) (e) e> -*giD n a u 

(g) (f) CDCSD N ASraa ft«iK*A Lt> ilft £4xfcD N A££if«&© 

rtl-J;9, «^d»e>»e>JxfcDNA5-f^7!J-*jl«^WMlc*»rtT, ^: 
a> ?> ftj£©#Sfc?Stt**Pt- 5 3 - Kf * D N AE?iio^g5fo 5 v ^ri-SPtf 
J>£-««±©:/ d -7*D N AE^fc/N-f 7 V #4 X-tZ D N A£®S?-f 5 0 

(a) /^yy y-f >&^iigfcr.5&frT-er#giDNA*a£: y #y K 

(b) (a)©«-g-#&milEy if> K©B«ftSttifc£te^&^$tfT@*l«£#& 



U 

(c) Cb)©*e^DNA*HA»feHtta^flc*dMIU, 

(d) 7u-zffrb HffiiS^T'n -7 Lfcftffl©^ ^-Srifflt S*, 

(e) ((Dror^iDNAlraS^ICiALt, 5IiR£:iT,fcDNA££trig|fc© 
^ n->^tf 7-f 7*7 y -£r^/£ U 

(f) SE7^77 9-Sr^©^*Stt{cov>T^^ y--y^-t"5 

rttcto, «fe^e,#? 3 tifcDNA7-r7'7y-^«^>iic*^r. 

*>f>»«OlWJ^*^5»**3-Ki-5DNAB»!l0^fc6^tt--«'T? 
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Wm&l%-£trDNA<D%-$:±m<n3; o \ZLX'^7}) ?4M.— i yn y\c£ *) DN 

£©»1^ttfc#SU*»J©W»i, ±!B(a)©&, (a)©W^> 

(i) ff^-©^ 7^©^V/N^SI-3.=-^*^->^^t«^Jlcft«W*!J ^ 

T-C (a) ©l*iDN A*a £8$! £ *T =*MlftflcfcJMfc $ *, 

(ii) (a i)©«-g-#£&y #v K©SfittAft&&tt¥&8tt£-rrB4ltt€- 

(iii) ttH««^-#Sr*ft^DNA«H*»e>»IBL. 

(iv) tteste&£-:/ n -y^ift-S- Lfc AH © p< >v<- SM £ *, 

(v) @ffi^-a-^n-^^ixlc^Lfc*H©^ >^-*»6»(Bi-5 C t 

fe# f.nfc-i£l±©7'D D N AEWfcS^-S D N AfrStt U *J»-f 
5. 



*©^-CK*SV%TfiK4K*© 1 ott, *f L < y K©T 5 / 

i£££©5r ? ym^^-r^mm^-r^o z.<d?a^-7'<d9 >/<*mk.-o\,> 

r 1 OOOSjUi© ?i-/m&\&Bffl&fe £ ftT ^ 5 „ r ft b ©E?iJ ©g £ H: £ * 
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pMGtffc-f ■SphoAfe^? *-f4, TaphoAi^, IgM* fctfSo TV ^5 (membra 
ne-spmningmm^titi^^i-^^ K*a- b*-f£a<5T-£llj£-r 
ffl-CfcS, Giladi J. Bacterid., 175(13) : 4129-4136, 1993„ :O^D- 
= ^•K*3J:O t *ffllS^(periplasmic)T/l'* !J*^77^- (A P 

) ©B^^^frfcrtfliAPii^v/^ftfcoKSJftSfiK+sfcftc p m 

G j&&;i#%Ali§i§i KS330 (StrauchfciUfBeckwith, Proc. Natl. Acad. Sci. 
USA 85:1576-1580, 1988 {rioTft^^ia^ Ztltz r^/U— ysn — (blue halo) 

j T-ytJk&mZiitc&m *ici£ALTJg«*E&1-*rii£J:oT&££;h, 

fc„ pMG/KS330r SrfflV^C^ V^^itf** y V^&tt, &Bg»ra 

■rsfc»©*-iafc LTfti*, 5 s. 

*3§W©9J*£16aattU »So**fitt©4riiofcae>li:A*tt (directed)* 
^*K38lC*BUfc*BDNA*ffl*3l5©DNASr*r-5^ o-yy-f^ y 
-fcttfcfcciWHSttfco^T** y-=v^-f5ct{c:j;5, SiDNAtl 



IC, K-f 5DNAE^fc£tfDNA«:±IB#l«DNA*ffl;&>e> 

a^WfclaiiR-rsrfcSr^tfit^-et*. r©#ii<D##tt(i, a#jfc<&»* 

•TS^n-v^b, ±IB^9^©»*flH4*^-t-DNASrllJR-f*rtSr**-f 

a. 

^oaaaao36ri6r±. A*»a«*jwsai;:»a-r*ai!:.fcE* o-^-f 
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7y y-«rfo5ffitt <.Zh\m®fe<DmmBi&kmc-?h&KiX^Xh <fcv>) 

•t5ttfc±e*«DN A*a*>e>'>*< 1 1> i o©*a-t-5»s#tt (rtu± 

K#£©l#iSfStttllC^fcg&oT^Tt> £V>) K-*-5DNAR?lJ£-£ 
r©HlSffi«iK:fct'>TI±. DNA^KfeWdHRtt^ DNA*H£ = - KIBJU© 



VaVT'a-y-CfeS,, MaDNA*afiJl5©DNASrWL, ±15? 9* ©gig 
*ttttt»Lfc*Su •?rtve>»*©<6ja(c*3('t5»ttiSrf6)±^-&.5 C t S 
^T'>ft < 1 1> 2«©»*ffittSr#f «g5««*Lfc** % 4fctt*«aE*Lfc 
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40<C, 35t, 30t, 25 < C*3j;tJ520 < CJ:»)iSv^maSr-^tf <> 50t ,fc 9 {£<^S 
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ft. IsoQuick 0 M^tt ffl^ y h (MicroProbe Corporation) ^M^X'h 

5. 



K*»ltrt>J:V^U *fcrtt*DNA*#WIIB»fcE^aJ:5^ffl*'<***- 

*fcf±, DNAdSi»Bia*fctt4(t:rt^*>5^C^SSfllUC*Mt5ii^-tt, 
in vivo&feKJMHB&fi pet 5„ r.«Sffico»4 U*Mi, 
<CS^^!iS®^fiaCjer5J:5^, DNAMlfef MutH, MutLfc.fctfMut 
SZiK&VtzKffimU Redt*(Stratagene, Inc.) Srffiffl-fS. 30H$P^yrtlC10, 

ooo«*T?o^«aai*jB-9»5©-c, sMt&sifflfiiaot^ 

UtfcDNA^f>^4^flDNA7'f/7!)-i)SIfi-et5 0 

^^Si6 s er5W*"5rt6ti-?.ii^0^Nf^^SilL.fc^, in vivo^^S 
SI 38©»£fcM&±ifBI&;&> ib A LfcD N A £«J •) & •) , giJWSijO ft^tft — 
ft#AL s :Mffil>t*5a- t 1 — (mutator) ?f±. 0i|jttf*:8§«XLl B 
lueac^Wte^-tS. *LT*fcgfc*ADNA?>r:/?»-*|||M-5. in 
vitro£&&MR3&«>#£fcWU L^^MDNA^-f -ejra^/«C^m-<^ * 
-fc#*3ivO*a4fctf. *«j**DNA?^^?y-©««©fc»fcBP<^ 
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*#«iKiais**irv^fi±S:»mii*i-a. 
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d»e>lHliRL.Tt>J:v\ 
^•i^fcaiWDNASr^SfcftOW*^?^ Lt©»t»DNA 

TUttSm-zim*. ft Ht»«^^riB««fe**»6 D N A SrlnJiK U V >TStiO 

SrWfflJ-f - 5 fc » tOS^- $ *Lfc (coordinated) f^ffl««^*i- 5, i ft b <0 
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j^5Ha»e*fc#LTaawaij*sft*^4j^ij»e>, &w©i5!-©ae 

ft K&9 9 * 9 -<D±M:\* }?<Dm&*. X&Et>\ £ £ h KWRTZ C fc tefigT- 

* it \m owmzm ut» & ae* * ? * 9 - <omn 9 4 -f ? y - srf^s-r s 

©tfy^K (#!)^fK^-ffcJ:ot4filtJJxS) », #mMt\,xti 

&XhZ>„ *y-Jr^K->^— tfitt, g£MtfKttEtt*5<kTJ'Safl2©^*-->' 

fimtezm&x£wmmm<D£&f&&mm-fz>£®m&mxhz. *y *r k 

t*ae^«MK3 i £ ft 5, fife^/ 9 >s< 9 a© in vi troW3E ^tttllc L T V * 5 
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* 7 * * -© n - yfc \cT 5 0 

ib* s©s£, */c«a^L * 7 * * - s *© * etc h 
s-r zg-skomazmfflis j; whan- a r. t o-c t •5«m^e5E?"I^ $ <bfc"&tf 



(MicroProbe Corporation) 



-25- 



DNAWi («*<D*fe) o 

DNASr^^Wt;1-5 (Eco RI>^?-if) 0 

Eco Riy >^-i^)gi--5 (GGAATTCC) 0 

]) >*-Z®*)mir (Eco RI$0K^^ K** l/7-f) o 

^-<^^-lca^5(A zap iiioJ:r/gtii) 0 

^y^"^* (in vitro X^v^-^y^fWm) o 
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-C£5o #ft< l oodn A/n-^«ffli:j: 5gfiDNA#lR»i:* 
i^WW/U^f->'3 ^(D&fttt, ^ft< it>»5O%<0E3ajraH*&t> 

cursive. mf&*%omftmt>*bftm-rz><DZ®mzi-z 0 y^K**^ 
(2) tr^vifctt-f s y tra-^j/jsitfr tf $?:/4fcHt* h is? br 

) **3 i CWtilfcHMlft ft U * ^ V ; (4) &3t*5 i tfWV fc If # - ; (5) T 



ttttoMfttt^t^Bt-erffc, ^ste^o^r^** y-~v^-r *c 
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mm ZHtz d n a & p c r!?k j: -o xwm-rs t #a* t v ^ e>;h-5o 

V\ iOSattt»K*VNrtt, SI6«)DNAfi¥K«7*D-yDNA^e>^«l$n 
5„ fcfc, fi±©»«E»K«^5«»c*¥ll*iifcDNA«rii«i-S. *»e>*» 
t*£*e>*ifcDNA3ijyiJ£4>fc< & L-T-&tfJ:5l-S^$tlfcr 

ftlc, S^^tlfcDNASrfflV^Ta^^^WC^-t-SrfctioT^^ 

D N A £-&if-<* 9 -ZmU-f 5 £ t Id J; o T AXWI-»A L.TJgfWBl* £ ft5 
. 2*«lS«*fcliii:««DNA«rffiv^^©te«|-t«CfciJS^rtBt?»J, t.tc\t 
, l*«ai«t*fcttS«ttDNA«r«v^ff*afti-5»^taE>D#4. 

*5ft**»e>a««j»i:*ltUfcDNAK:*3lel-S*»©^o-v«:H«Lfc* 
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S^w*, iEttSE*#!«?>f^*5J:WSV4 0**#) „ PiKS^AXSfe 

ft, #!fcft»*5J:lF**DNAEM«:*tf. #ft©a«*y<**-#3J|»fcri 

^14 : pQE70, pQE60, pQE-9(Qiagen) ; psiX174, pBluescript SK, pBluescript 
KS(Stratagene) ; pTRC99a, pKK223-3, pKK233-3, pDR540, pRIT2T (Pharmacia) ; 

pWLNEO, pSV2CAT, pOG44, pXTl, pSG(Stratagene) ; pSVK3, pBPV, 
pMSG, pSVLSV40(Pharmacia) o Li&»U te+^fERpttBT, t^^^m^h 



K"C*>a o #fc#4LV^16j8«W:, r?*;^ K(fosmid)j *fc 
tt»lttAIftfi# (BAC) '<9*-kmitlZ?*-=->jr'<**-t:m* 

»t*S*©DNASrl^ co^Nglc: iot^ A1"£ £ t #-e* -5 

o KDNAEmS^if^^O^lilCioTa^^ll^^K^^W 
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SUS^o*— *-fi x lad, lacZ, T3, T7, gpt, XP R , P L *JiO!trp Sr"£tf. 
■^tfiit-CtSo yo*- ! S'-f«tt > CAT (^D7A7i-=-/^7^ 



cerevisiae)©TRPiat€^) , *Jit/TiWBi^!©e9«riB^i-*fc»«>, M 
±B0J:9ltiMRU !W»UfcDNA**S)4*£lc»AU y-£ 
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3 yCiot^ffit ^^^^-^^^(Davis, L., Dibner, M. , Battey, I. , Basi 
c Methods in Molecular Biology, (1986) ) G 

■9&tt±0ftMftflfclTH:« *J§S> * h^;/ Mir* (Strep tomyces) 
, *X^7*g(Salmonella typhimurium)^£>*0K;W!& ; B^^OTttMa ; 
i/B Visa £/^(Drosophila)S2 *5itf^# (Spodoptera)Sf9^SA 
jS« ; CH(K C0S*^li3owesHfeB^^»j%>teJ!a ; TfV jr-f yw* ; ttftftUfi* 



***K*»f«4fefi, tfSL»^a*©0SfiGluzman F Cell, 23: 175(1981) (C 
£ o TlEi£ £ ftT V ^ 5 ^ WE8im»^»COS-7*0^^ , jo i mu^\±(D (compat 
ible)^#— *J8a-i-4Cfc3ftS"e#5tt©«llfi», «;ttfC127* 3T3, CHO, HeL 
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Df7-f ; (W^TVWjg^ -f^fe^^T ?— t?*J£t*y If ; (c)T-fe 

T> *38WKJ:iitf. (OW&oW^SttSrWi-saWSra'-Ki-aDNA, (ii 

t LT (iii) t©i 5 4JSttftW-T S«**.**«rfWi-4 C t &X-$ £„ 

mm Lit? o- v«rE8l*jeu RfcA*tt*«f*ll«3BK!i»»tr0fa©ett* 

o 
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1. P^-t/^^T7-t! 

1) 7t~S^*ro^8l 

2) * y^x^r^>f)©ftfSt' , ifSfctiT;i'3-;wo^ 



b. SlR«>£j* 

1 ) mmt/itmmkx- ^w^t- 

2) /fy^-i7f!)7^^->3y 

4) ^^©(iaBWiWfeit^t^v^^MwsjRiai 

d. ^BSttffl 

e. JRJft/ttg* 

f. f-X©M 
2. -fvy-T—Z 

a . i^r/w/T 5 K-a-J* 

b. K£j* 

c. r ;&^*7->i<<Dy-t *m&m<Dft-m 

d. ^i7 5/8©^ 

e. n.^m/9^9im^m 

a. 

b. ^pa^K*a*iML-c¥*, rwsitw-p 

c. y =**©-g-j£ 

d. UDP-Ty^^ F->^h7^7x7- ^4-fflv^fc^y 3->K-a-^ 
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f. *y ^st^tfctts^y 

h. ftttWfV aisMt 
i . AiSADI 



4. *X77^-^/*t-f 

a. U V»3i^f l A'©^*/JP*»» 

1) fiiMW, ^-f-v^ahwa&y vafl: 

2) y ^n^TVKDiliA 

3) U ^flg»S5ig^O-g-fiK 

4) sa»$^fc^y * ? K-g-fiK 

b. $L®s^&i$t*<»mmt 

5. *J /¥***yf-t— 2 

(oxyf unctional i zat ion) 

b. T^*V, %&mt&#>. ?rn-f KOtKn^Ht 

c. T/w^y<o^jH*v{t: 

d . ^ V^^-S^6<j^^7 * Kit 

e . ttftjBRttfciTWEfcS&tt/Mir tr«J #-(Bayer-Villiger)&{b 

6. yNn-<ndf->^— t 

c. 'st uzfxi/<^(r>Wim® 

e . 2 -ad -ffimm^&itMzi. yy>r \- v 

f . «Jt*S <fc U t ^i^^*S!K<0-.7 1 n JK^Hb 
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a. c-c»^«>IMt»H« 

c. ^i?/u#-*yot KB+i/^ft 



f . y ^yr/vft K<0§Bg 

d. ?*5:*#*5/K0>##I 

e. *xn^ K^#^5/KOjP7k»*f 

9. ^MJ/wfc K7*-i?/~hy 9— I? 

b. IKSfllA, ^«S^«5«=h»/V©»ffi^SI^OjD*»« 

c. T^yn=by/KOjP7K4W» 

T ^ h\ 4V~zi^yT^ K) 

e . r * y h y ^©{M^tetokiH* 

f. a-fc Kn*i/=. h y/V&M<Da-T $ /& 

10. F7^7-;t-f 

a. **yt^CD7S /S^gf 

11. 7^-f/7'>7-f 

a. 7-;^, J8il«fiOC-Ntt^OjD*5WI| 

b. #39fcT 5 itf** 
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^TK, JgzK^^CSanta Catalina Basing £ 124(M — h^V&itftc? 
DNAWi 

»J63S#0>»*fctt 5 IsoQuick&, 
DNAOi?K 

1. 25G-fi^«ffe±Wlcci/9^^fc<t9j|e500|Hl. DN A£»L< Jf 

So 

-rafcftic o.8%r^o-^y^±-e^a (o.5/ig) £fi-<So 

1. : 

H 2 0 g^fi^5405 /i )fc a * -c 

45/i 1 lOXMung Bean^ffi^ 

2.0/il Mung Bean^^UT— if (150u//il) » 

2. 37^15^^ ^^-h-rao 

3. 7zn/-/U/^nn^A-Cl(Hiatti1-ao 

4. ^nn^/i/iH-eilElttiai-a. 

5. yUmiSrJp^.-ctfcRS'frao 

7. ;^7^ x ssa-e304>RBt^-ra o 

8. 70%3i^/«-/H m l-CiStsj^i-a o 

9. §*n:7*-S*ti % ffifrC10$HRM'kU RltS. 
DNAcD^^vWb 

1. DNASt26m1 TE{C||^|C|fl»jBi-a. 
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2. £XT<Db<D%lNZ-Z> : 

4. 0 m 1 10 X EcoRI y 7 

0.5/il SAM (32mM) 

5.0/U fef (40u/mD . 



3. 3rC-Cl#B-f ^^-h^So 

1. m*?MkRfc^&>T<nh<D*mz.Z> : 

5.0/zl lOOmM MgCl 2 

8.0m1 dNTP»&J» (dGTP, dATP, dTTP, dCf?<D%tl?tl<D2. 5mM 

) 

4.0/zl (5u//xD 

2. 12^^30^^^^^^— h-T5o 

3. 450 /il 1 xSTE$r*Px.-5o 

6. *ft3i*y-/Hml«rJD*-CitlR**, *±^104>IB3»JH'5. 

7. ;^n7a-^ i^T*30#Pa1S^1-£ o 

9. s?n7a^ wareio4>ima-£fL, nmz> 0 

1. D N A£rTris— EDTA (TE) 7 u UzM^MZ.m&W't'&o 

2. £XT<Dh<D&lMZ-Z> : 

14 m 1 y VgMfcEcoRI !)^- (200ng/// 1) 

3.o hi xoxm^mmm 

3.0/il lOmM rATP 

3.0m1 T4 DNAP#— if (4Wu/mD . 

3. 4^-*^ y^fa^<— h-ra. 
EcoRI§]»f 
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1. it»R«*68t:-C10»mJlH»LTJfe»**5. 

2. SXT(Di><DZtolLZ> : 

237. 9 /zl H 2 0 

30^1 lOXEcoRI^®^ 

2.1 /zl EcoRlWHS* (100u/mD o 

3. 37 < t-ei.5^K^V=¥oL^<- h-fZo 



4. 0.5M EDTA 1. 5m l£*P;t5o 

5. 7k±lcftB1"5o 
^3«4gE (2.2ml) wx&m 

3. S~<DiB8i,<*K 45K, 20t:-C4l*R|ia^1-5 OfWfcL) 0 

, H^Sr*ft5o Falcon2059«rtKl*W©20jBS:*ft, ot^t?10j||«> 1 flffi£ ( 
l~10i«») £ifi#>6 0 jfi6OMl<0£*-C*>£o 

5. #B»5#il*0.8%T*o-^y/u±Sr«L, *©*>TX**»i-3. 

6. ®#l-4 GftlO-l.Skb) ^^-/H, BU<B«rtKiJ#5-7 (ft 5-0 
.5kb) &7—A^Z>. 

7. *»a:#/--^lmlftJin*.TtfclR4*^ *±K105MBtWM-*. 

8. ^n7a-^, i«a-C30^Ria'L>-rS* 

9. 70%^*/ — /umi-eSsiM-a. 

10. ^n7 a -^ *ar«o»nBt<?u* wws. 

11. ztiztiZTzmmmon ummmi-z> 0 

o B5H-4=>1.0Mg/Mlo B^5-7=500ng/Ml 
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2. »T©a96fiJ£ (5m1SJC) fcSSSlU 4t"C-^y+^'<-ht5 

o 







ioxy#- 
•t? 


lOmM rATP 


(gtll 33 ctO? 
ZAP) 




-if 
(4Wu//*) 




0.5/il 


0. 5 Ml 


0.5/il 


1.0/zl 


2.0/xl 


0.5^1 






0.5m 1 


|o.5/*l 


0.5^1 


1.0/zl 


2.0iul 


0. 5tt 1 



) o 

3. *tl^ll^l.0|tlMaft*±J:r*«l3&r* (OD 600 =LO) [ZAP "C 
WtXLI-Blue MRF. gtllt*ttY1088] 0 

200/zlcD^ (mMMgS0 4 *) *Falcon2059fl c ^JDx.S o 

3rc-ei5»iB-< y*^- Y-tZo 

[150m1^IPTG (0.5M) io<J;U*300/z 1<£>X-GAL (350mg/ml) £^#1-550m 
1<D* hy^] 

4. »4SO«r* 

gtll : 1.7X10 4 {@<D*I&;Ltt: (95%'* y * ^7 V> K) 

ZAP II : 4. 2Xl0 4 f@<Dj|&&;t# (66%/<y t?y*;> K) 

> 3 « J: t;t»Hil: J: 9 D N A if jBA«tt»* $ ftfcrt* t> 
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mvhilttcfr, ? u-^>y<n1t$>\z3iffi$: mfe (fix) j -rartSrK* 
DNA<DS¥«Hfc 

1. 9A^7-A|cl^Ui3&^fc]8!)(Ot^t©DNA (H3M~-7) £7" 
-/l^U *»*#3ft5i2MlJwft5*-eH 2 0Srftl^ao ovv^TOfcOSrJO*.* : 
143 m 1 H 2 0 

20/zl 10Xig®i£2 (StratagenecD cDN A Synthesis Kitfrb) 

23m 1 ^PSftffldNTP (Stratagenetf)cDNA Synthesis Kitri>b) 

2.0m 1 Pfu (Stratagenetf) c DNA Synthesis Kitfrb) 



2. 72 c C"C305WW>r>'^a^<-hi-5 o 

3. 7 = /— A'/^nn*/l/ATf l|5|fttUi-5 0 

4. ^nn^-eilUittlt^ 

5. 3M NaOAc 20m U3<fcU*?ft:t* y> — /MOOm lSrSPx.TttK$^:$o 

6. -20t:-c-ifeSc@"r^ o 

7. ^P7a-^ Kat?304>WJ»<?-r5 o 

8. lml(D70%^^y— /WT-^i-^o 

9. ^P7a-^ flSat?10»IBBSiE?U, K^i-^ 0 

1. DNASr8 Ml^>EcoRiryy^— (Stratagenetf) c DN A Synthesis Kit 

i.om i ioxa»Hrtt«riR 

LOmI lOmM rATP 

1.0m 1 T4 DNAW-f (4Wu/mD 

3. 4t:r-2 h-TSo 
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1.0m 1 10xa^jg®ffi 
2.0 m1 lOmM rATP 

6.0/zl H 2 0 

1. O/i 1 PNK (Stratagenetf) c D N A Synthesis Kittf>£>) 

4. 31/*lOH 2 0*>itf5/ilO10XSTESrJDx.S 0 



5. Sephacryl S-500:* 7 A Jb~CiJ"W X5>Prt~<5 C^-V^BS* 1 — 3 ) 

o 

6. 7x/-yu/^ p n^vAt 1 BttffltS. 

7. ^an^/UAniHlttttJ^So 

9. *±t?10»rafic«i-5o 

10. ^n7a-^, »a"e30»R|Jtifci-5, 

11. lmlO70%^^y— /UT^j^-T^o 

12. ^n7a-^ N Ma-eiOiMRBS'frL, o 

13. 10.5Ml^TE«K*lC?HB»t-5. 

gtll : 2.5X10 6 i@<DfflSlx.^ (2.5%/^y^7!)yK) 
ZAP II:9.6X10 5 l@Ojffilfe;Ufc (0%^y^5{ryK) 
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1. 3. Oml£)*g£*BflS (0D 66O =1.0) £ 2 #<D50mlR8tt^)n;tS o 

2. R^l*^^t)2.5X10 5 pfu^S-r5o 

3. 37^20^^ >*~s<-h-f5>o 

4. «^*^45mnc7S5*-e. ^f-as^^soi^o 

6. 7 p y-^<0^-rX^b°VO^< 37^^6-8^ 

2. 3idLO^pci^^x:, «L<«i5U *«-C15j>m>f 
M"5o 



3. 2K rpB-eiO^IRBS'tUT, »x^y^< 0 

4. ±i»«rfcM7 7*=i*^tt^ 500Ml©^on*/l/ASrJPx.So 

5. 4 < Cl?»#r5o 

io" 5 =imicosM ^Wie^oi vi<Dm®y7— *J 

10"®= ImlOSM 1 /z 1<D10" 3 *3R 

2. 200m1«>1&* (lOmM MgS0 4 *) Sr 2*<Dff^iPx.Sa 

3. -^icio/zicoio- 6 *^ cio" 5 ) 

4. t> 5—^1- 1 mI^HT 6 *** (10" 6 ) Sra»T5. 

5. 37^-015^118^ ^*a^<— hf-£o 

6. »3ml, 48t;(0»g*3cSrJD;i5o 

[150m1^IPTG (0.5M) <fctf375M 1COX-GAL (350mg/ml) £^#1" 5 50ml 
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7. lOOmm^U— h±-C^U-r^y^L, 37^^— ife-T ^ol^— b^t 5o 
8. 

gtll : l.TXlO^/ml 
ZAP II : 2.0X10 lo /ml 

mbo«miu3 ± u^d n a (omm 
- a. h a> y >r w * j /ww* -e<o*#3Stt-e«ft s ttfciJ- n 

§8Lfc 0 JStK (30 y^h/V) £Niskin# h/H^Kg^U lO/xm^NitrextCilb 
"C*^ !>— ~>^U $H^fi30,000 *y h^^sKy^/U^^^^/U^— {Cii-f* 
*S*»ifi (Amicon DC10) «9 «$g Lfc D MSftfcftnB:/? V* f^Jfi 
£0.22/inu 47mm Durapore^^y^— ±"C*^). 1ml <£> 2 x STEig® (lMNa 
CU 0.1M EDTA, lOmM Tris(pH8.0)) iCffigjBU 1 X 10 lo jfflfl&/ml 

irbfCo ttttfiSHttfr* 4tfC4T?»iJLfc 1 %S»Seaplaque LMPT 

#n-* (FMC) *»£>U 0^-eat»tClmlvy ^i^^lcKofco gEv'^v* 



7-f/W»-«S#U *±"C10j>BBtt«Ufco tt*Bia$*T^n-^^5^Srl0ml 
CD^^®?K (lOmM Tris(pH8.0K 50mM NaCU 0. 1M EDTA> 1 %Sarkosyl, 0.2 
%7 f *^>a-;l«tH)!>^ lmg/mlP V^-iO *(Cjf£ijU 37^-? 1 $f 
B>fy^-Hfc, O^T^7#n-*:/7^£40mlCDESP (l%Sa 
rkosyl, 1 mg/ml^nx-r -J— fef-K (0. 5M EDTA*) ) 5SX>T*imm<{ 
>>*^<<- b LfCo i^f^yhU *f»ftESP amreHftu 55t-?£ 

*u^:^?M*^v^S*L^^ (72m 
1) <D\m<OmK*. 2mlomfi^W f t 3 x lml<D««iRA (lOOmM NaCl, lOmM 
Bis Tris Propane-HCL lOO/i g/mlTir^/WbBSA :25t;-CpH7. 0) i^LT4t: 



"C— IfeSflfLfCo fflfefc*. lOmM MgCl^^tflmM DTT Z>250 n \<D%i 

Mtmffi&AVm&U Mt5^5yh*-A±, 

hbfCo olvT?tt**«r, 4U<DSau3Al (NEB) Sr^-f -5250m l<Dm UHWftfc 
*8f+^37t;fc¥IMfcU ov^Ht8^yh*-A± % 37^0^ V 

fc. ^T^n-^(Dm{k^J:r/^DNAOJ^y >mt*. *Jve*l, Gelase*5<fc 
(Epicentre) S:«5S3)»«>aiStKHtV^B UTfrftofc 

, RDNASrai^y— /HtlR**, ^u^MfcU oV>T*70%^ /-/^T'ftfr 
UfCo pFOSl^^^-tca^-f SfcfclC, r©»4>ffl{b*JxfcDNA«:2.5ng//*l 

) ^MM(D^mm (archaeal) DNAO#*ESr^Lfc. lo^fy^?) 
ttffl L ^ U ^ y fg^f*^ V * (Dm £ 200mT*ife& fc rRNA^rfflV^ ^ U 

*©*4.7%4:^tf^i:*r«L*: (CCDU-V://W1, DeLong^, Si$#(Dt e n 
-?7>? h >$*<D'&j®^<D~gi^^ : ff&ik(high abundance of Archaea in Antarcti 
c marine picoplankton), Nature, 371:695-698, 19940)^ 1 CD TPAClJ —200 
mlCl»j£i-5) o Ttfu-xy7?7j1i-b±^ftftvttmftffifatii (archa 
eal-biased) r DN A P CRtiHStoftSkfrb, Z<D^>y/^\Cit^^t(D 

*»MDNAO#fej6SfltBSixfc 0 cotTa?^* H^v^/^feiaSJLfc 



Zfh?ft\m\<DT$zi*-*7ySf\^ 7. 5X 10 5 <B^ia^^ ItV*. Lfc# 
ot, ^J5.4X10 S <BO»^, «B»iH{bDNAO««"efflV>fc72Ml©9l>i-+fc 

-<^-T-Att, jtttlStt (Kim b, YttK&K^t 9 — *<D%X$ k 
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iH'XOfc hDNAjf A^^^/^ii5i(Stable propagation of casmid size 
d human DNA inserts in an F factor based vector), Nucl. Acids Res., 20:1 
0832-10835, 1992) <Dt& 9 pFOSl^feWJJ Lfc 0 «5*^#x.tf % Wcfy^X K 
SrAstll -Qg&KmikU HK r Z^M V ViMfcU oV^BanHI ~0 

$HfcLT, 2otf)T-A (-tttfetttiX'Pix, 35-45kbpCOS^DNA<7)^n- 

*l^H25ng) *Sj;tnUtf)T4 DNAJJ^f-f (Boehringer-Mannheira) 
S15jiliiSISRJ5S t r\ PFOSlT-A^-ife^L^Co 4 vl<DZ<DRfcmtp<Dmfg 
DNA^ Gigapack XU^y^— i^^SR (Stratagene) SrffiVvCin vitro/^y 
^r-S^^U &7**^ V$rt-$:±mm (E. coli) DH10B& (BRL) 1^7^ 
^7xnu »ia^LB cml5 ^u-h±tc:j£tffc 0 ftbftfcy**^ K*n- 
y £ , 7 % ^ y -fe o £ frfcLB cml 5 S^^Tt 596£;x:A^>f*n*-<* 

-mrtfc*&V\Ah,fc. fc 9 ^:/?^ h^DNAifA9rK-^40kbSr-en^tu^-& 
7** S m, ^D-^DNA^1.4X10 8 JfiS»$r^^S3, 
552<@0^^^^ K^n-V(07-Y^7!J— Sr#X.fc 0 H-<?c^ n-yftt^T 
. 38'-42kbpO^6ffl(0i#A»f^S:^*•Lrv^fc p :i<D7-f -fci, 

s G Fiae^- ii ^w^Kiattf^+y^^ur— tfm Srffl^r, &~*m 
DNASr-*«K:-rs. 3te* I 
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BtfAofcgSrMftBfc^L-r, :o*Sft, Life Technolog 

ies©GeneTrapper™^y h"efflV^fe*Lrv^5 0 2) $2^11 ^#^9* 

1. #17 ^b(DU^^r^-^ixfc-*®DNA4 /x gCD6f@tf)lJ- 

vX/uSr, 3XSSC«««t>'eW«Ufc 0 «*RlS**tt30M lTffcofc. 

b)«H«4E5!to> 6 <0 V*? isQc? n lOOng 

c, d)±$J#13 DNA#!J ^ae^feO^f-Wk^o-^lOOng 

AO^frlC»a**5 0 QIAGEN PCR Clean-up** b£&ffiLT, 

4. f-^y/Wa, b, d*3J:W^COV^r«:70 < t:T905>rac7)/^^yy 94*1—%/* 

MPGtr-X^rlmg/mir^oT, 100m 1£> 6 -fe 3/ h £ 3 XSSC *-e2[H*5fej£U jg 
^K&S $ Hfc*4r» N A <D 100 jtx gSr^-f 6 3 X SSCO60 M 1 L/c 
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6. ^DNA/f— X^-g^SrO. 1XSSC/0. 1%SDS *£®-e2[sK 0.1XSSC 

/o.i%sds *i2X;v2®, *ft*h405Mffla»u $?>^3xssc -e^a-ea^ 

7. & t^-X£50 m 1 TE*-C70t * T15#IMft-r 5 ZLt\Z£ *) , ft^DN 



9. ttDNArtKl^SJlTV^aDNAjpAIR^Sr, ^*~4**W:/7^ 
-Srttffi-raPCRtCiDiiBLfco TA^n-^v^* (Invitrogen) SHfcJHLT 

10. -^V^d^iT/f d*fe<092ffl0fife3n^— feitf4(j©tfe3B=- 
©«*#«r-lMBi**, tf y/oy hffl|C3nn-y7 F (colonylift) * 

11. £»#17 ^u-^^ LT^n^-^^n-^i-^fc^^, Boehringer 
PCRJtfi 

^20t^;^a^e>^DNA(Dffy/^yy^f-^ 

H IBM:, ^^-«rS6iJ^7^v-i:^^y^X$ttj|^|:, **£0O2 
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ae±igftii Mt sit 

c 50ng lOOpg 500 x 

d 50ng 30pg 1667 X 

e 20ng 50pg 400 X 

f 20ng 20pg 1000 X 



H»J 1 lCi5*6<D fc *S 9 MM Ufc 5>f 79 9 -(07 V fcffiffl tt, fr jr 
^/^rttC200ML<DLB Amp/Meth, ^ y -fe n— /Ht*****— *>^U- h lc!S9c& 

^/W^T^tfBeckman BiomekOHigh Density Replicating Tool (HDRT) 

0/xLtf)LB Amp/Meth, ^ D -fe n — A-£r^;fr1~ 6 2 <@<D6fe<7)96£ :n/M)ynatechW 

i8^ra-r^^zL-<-bL, ot^-so^-cfi^-ra, t©2iw»»»^^h 

»»LT*Wlfi*:«U fe3i*mm (E. coli) 5 0 DMSO *5mg/m 
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y (MuPheAFC, rgRj ) <DX h y ftmm&MVt>Z V¥*/fls<rfr> h 

> K<DO. 6mg/mLSr^-r 5 50mM (pH7. 5) Hepesjgfr&^600 m MlC* £ * "C^-f 

So 

MuPheAFC 

600mM MuPheAFC^^50/xL?r, Biomek£/Bl^5i|i— <£>100m lU^-< ffrV 

KoWMtfltK (t=0) % ^w--hSi^I&9*3t3t«tt±-e«3tffi4rlB»1-^ 
(a^=400nm, 3&#=505nm) 0 K^U- h £ 70t;-ei00jMHK h L 

, o^-C*?>^15»IB, SJflftlc4T?»aii-5. Wt«E»i- 5 (t=l 

oo) o t=ioo-e©ffl[^e)t=0"eottSr3it* 



fcfclc, *OjBJR9-<^9y— h«r»*U n-VSrfflVvC, LB 

Amp/Meth, ^]) ±u-ju^^^mit^u- 1 o-r o&si-* 0 mm<D 

S^iffeSS-frSfcfc^TOt-CiDjRL, 600/zM MuPheAFCOSO/iL^r, BiomekSrffl 

KSSl-H-rS^^V^^-S^ifc^li (E) «r«T*>a»»b*»8 : 
E=ln[(l-c(l+ee p )]/ln[(l-c(l-ee p )] 
ee p ^*d*4*ft(D3i^V^*^-iaW* (ee) c ttE«?<0 

(%) "C£>5] o Wong:fc5 JcOTritesides, Enzymes in Synthetic Organic 
Chemistry, 1994, Elsevier, Tarrytown, New York, p. 9-12&&ffl<DZb 0 

^-r^^-mmm^ ^y^mmm^^^Y^yy^- (hplo *tct* 
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*7yu**tr9y-«ftfic» (ce) w*rtiMz£9mfct-&o r^tt, » 

TO iris 9 1?* 3. 200/*Loa^ft«HBu oi^50jao«^»S*fcHt££ 
£ w 2 00*46 Wfcfcfll^T 2 oo*46»* (T^# Vfrxy 

T/u*iJfr*:7y^~if 

^-Srn— K-r^y/ p — >27a3a (7*7 * S KpBluescript 40 t?XLI-Red«c 
(Stratagene) £r 



^Kte^Lfc 0 LB+O. lmg/mlT VtVy VO##«5mlfcte»jttiifc#200/i l£ 
&«L/c 0 0E»««f«r3rC-e3Oi«|iaittni[$«^o oV^««*±-C5^l/y^ 
*rf?4V\ Mlf^yn h=-^*5j:t/KT^«3fS:*i-*ft ( TXLl Bluett 
fl&O^Ri&&j 0&) fcfl£V\ #^>HfcDNA2 MlSrXL-1 BlueilfflJiS (Stratage 
ne) tlc:»K(Bfti-6CfclcJ:9^^5-=i^Srff4ofc 0 *^y-~^T 

g»ftft7^ 9 * * 7 y g — * 9-^>^T y^j 

XL1 Red*<O^gK»^LB/amp«#ffi5mnc^Hte^200Ml«rSaU. 37<fc 
-ezomfflj hf^DNAW^^l/y XL1 Bluett!&07gRi|fc& 

— LB/amp:/U— Mt'^U- y>< Duralon UV (Stratagene) £fcllHATF 

(Millipore) * l/^f u V(c <fc 6 3 n ^ — <D !)7H^od j^/UAIS t»-Ctf>30 
fJ>KO»0^85t^3O#IHOi^ 

-*7^^-3»a«*ii6Koixr««U *t>*<Sifci-6 3n=:- ( r^ffi 
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BCIP®«jg : 
20mm CAPS pH9. 0 
1 mm MgCl 2 
0. 01mm ZnCl 2 
0. lmg/ml BCIP 

r©^nha-;l/Srfflv^ H-*3y#^ (Themococcus) 9N2 =* 
PCRRJS 

2W*Djy h/KDdNTP (lOrnM* hy*) 

io-r>f ^njy b/wnoxpcrcttWiK 

0. U y h/W<^* — DNA-31GIA-10<WV^9A 

20-^^T ?n!)y h/W3' zfyj-*— (lOOpmol) 
20 W * n U y h/WS' -fy4~*~ (lOOpmol) 

* o y y h/UCDMnCl 4H 2 0 (1. 25mM^ hy^) 



24. * n y y h/W)H 2 0 

W/f^oy^ h/KDTaq^ y ^ y — i? (5. 0i£&) 
^fHOO^^n y y Y;V 

58t:t?30g>H 
72 c C-e90#K 

251M ^/l^ (72 < C—4 e t;-C105>OSfi^ V^zl^<— » 
Qiaquick^7 7A (Qiagen) ±-CfftBW~2>o 
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25^ t n y y h/u©»S*;h,fcPClffi«F 

^ d 5 y h/KDNEB&»i£#2 
3W^d^s; hyU(DKpnI (10U/W ^ n y y h/w) 
3 W ^ p 5 y h/UEcoRI (20U/^-f * n ]) v Y)V) 
y y h/U<DH 2 0 

Qiaquick^yA (Qiagen) ±T*ffiK*f-5 0 
* n y v h/K?)H 2 Ot«ttit5o 

St^^d^ h/U0V<^- (EcoRI/Kpnl t?SD(rU y iszfTjV* ]) 

IW^d!)^ h/U(OT4 DN A y (BRL) 

100£fcte200^-<*n y y h/l-£LB amp meth kanTV- V ±AZZfU—<r J V 



— f > K y /W- 0 -o- ^l/a fcT5 y K (XGLU) (Diagnostic Chemicals Limi 
ted^fcteSigma) <D 1 mg/ndSr**«t6«««B (tftCaHa^fr*ffi&*lfcl^) 

Z-gHRjg : (Miller, J.H. (1992) A Short Course in Bacterial Genetics, p 

1 y y Y;^tz*) : 
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Na 2 HP0 4 -7H 2 0 16. lg 

NaH 2 P0 4 -H 2 0 5. 5g 

KC1 0. 75g 

MgS0 4 -7H 2 0 0.246g 
&-*/\s*yh^? / —fr 2. 7ml 
pH£7.(HCHg-f 6 

(1) Millipore HATF * >7 UVV Jfrt—^fem LT^ u^— ]) y h£tr 

(2) 150mm^7^-<h V m^X't v ufr/VJ±M$«.X= u --Zm&tZo 

(3) lmg/ml XGLU^*-r5Zig®ffiT*fflfiiLfcWhatman 3M^& 1 #:£:^# 
(4) 7>f^-^^u^±-e rig^^j as#feo«£iLT«*£*ifc ( 

/hStt^A'*— r>f 20MltD*£^fr-r£Epp<ff(cA 

h (electrocompetent) (E. coli) Z 0 



M"5. ::ftb0JHHba»&:/7;*$ KDNAfcWHU KJfAWrtffc 
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— K1"5DNA (^7*5 KpBluescript*) TrXLl-Redtt; (Stratagene) ZBW 
m&LtZo LB+O. lmg/mlT Vtfi/y 5ml^»»Kt5lft«:200ii 
LfCo ^£^£37^3 0«FMif«[S*fco o^t?»«f*±-e^ ^Uy^Sr 
flfcV\ $U5g^#0:/p MZ%\i\ #<btt/cDNA2 nl *XL-l Blue*ff 
m (Stratagene) «f« KUBMaM-* - t K ± 9 * * 3 -= V^tfMto fc. 

-*LB/amp^U— h_h-Ctf>7V— f^f V^Duralon UV (Stratagene) £fcHHA 
TF (Millipore) ^yyi/yia^nn^O^ h-»^oP*Ml^W3 

o«>rao««^85t^30£iia<&io 

BCIP3g«f« : 

20mm CAPS pH9. 0 
1 mm MgCl 2 
0.01mm ZnCl 2 
0. lmg/ml BCIP 

CCD^n ha- A^/fl^T, t-tay*^ (Thermococcus) 9N2 J-^!)a 
If* 



So 

PCR 

2"7>f *n JJ y h/Wdm? (lOmM* Yyt) 

CDpBluescript-^ ^-DNA 

^Pi)y h/MA3' :/7>f -7— (lOOpmol) 
20-7 ^1)7 hyWDS' ^y^^— (lOOpmol) 
16-7 h^CDMnCl 4H 2 0 (1. 25mM* h y?) 
24.5-7>f y Wl/<E>H 2 0 
lW^oJs/ h/HZ>Taq# y * 7— £ (5. O^ft) 

95^^15^ 

58t:r*30#K 

72^^90^^ 

251M * (72^- 4 'CTMO^Sfi-f a : V a V) 

Qiaquick^^^ (Qiagen) _bT*f&$H-£ 0 
50-7 ^n!ly h/KOH 2 0{cS«iHi-ao 

25-7^ * n y y h/KOttJJ*iifcPCRS* 

10-7 $ n y y h/KZ>NEBg»ig#2 

3^^ny^ h/KDKpnl (10U/-7-f ^ n y y h/W) 

3^^n!ly h/KDEcoRI (20U/-7-T ^ P y y h/U) 

59-7^T^n y y hyKDH 2 0 

37t^2l$W30Srfa o 

Qiaquick^^A (Qiagen) ±-OfSK1-^ 0 

35-7^ ^ n y h/KOH 2 0"e*ttJ-t-So 
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y y h/UOpBluescript-<^- (EcoRI/Kpnl "CSSrU V > 
l^^njy DN A y #~ (BRL) 

-raws***. 

x^hn#l/-v/ 3 yiat) M15pREP4*fflfl& t K&Wfc&t Z> 0 
100*fc(*20(rvf ^ojy F^SrLB amp meth kan^U— hi:lc:7V— r A > 

-fy K P /!"— 0 -o- ^3 \*y J*sV (XGLU) (Diagnostic Chemicals Limite 

Z-i^^fg : (Miller, J.H. (1992) A Short Course in Bacterial Genetics, p 
.445£#fig£>:i£) 
1 y y b/HSfcD : 
Na 2 HP0 4 -7H 2 0 16. Ig 

NaH 2 P0 4 -H 2 0 5.5g 
KC1 0. 75g 

MgS0 4 -7H 2 0 0.246g 

/ — /U 2. 7ml 

pHSr7.0(c§R«-f5 

(1) Millipore HATM y^i/y7>f;^-?:ttffi Lt^o^- y 7 bSrfrft 

(2) 150mm^5^^h ym^^^oa^A^a-C^nri— SrBM-f5 0 

(3) lmg/ml XGLU*^*1-aza»tt-e«a»LfcWhatman 3MM»K 1 ftSr&* 
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fett&St&S. /J"$<C7-<yw^— ¥4 20n 1 ©TkSr'&^-rSEpp'i lc 

7*5 KDNA*7^;W?-^t>itil$W 0 w ©DNASril^^ Fnnyt'7 
(electrocompetent) ±5§g (E. coli) *Bfi& t t J t^ME&-rS. 

, =>n=-£f5£$-t*:5 0 W»SSLfc|®tt#£3ml©LBamp&|;:g«U 37t-e 
-iftf^^-M-S., rjxfe Kdna*¥ML 7*7 

ft*S**RI8fci»Ufcfl-^y aj-Mft, S^Sg-^y 
or, *I6WH:, S»#©«iH©«OTrtfc:*5i>T, »l:|2f $ntv^iV^©f 
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[El] 



10 ng (lib 17) 
1 ng 
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[H3] 



FIG. 3A 

1 ATG CTA CCA GAA 

1 Met Leu Pro Glu 

61 GAC AAG CTC AGG 

21 Asp Lys Leu Arg 

121 TTC AAC ATA AAG 

41 Phe Asn lie Lys 

181 GAA CTT TAC GAG 

61 Glu Leu Tyr Glu 

241 GGA ATA GAG TGG 

81 Gly lie Glu Trp 

301 CGG GAC AGC TAC 

101 Arg Asp Ser Tyr 



► 

FIG. 3B|c«< 

GGC TTT CTC TGG GGC GTG 
Gly Phe Leu Trp Gly Val 

AGG AAC ATT GAT CCG AAC 
Arg Asn lie Asp Pro Asn 

AGG GAA CTC GTC AGC GGC 
Arg Glu Leu Val Ser Gly 

AAG GAT CAC CCC CTC GCC 
Lys Asp His Pro Leu Ala 

AGC AGG ATC TTT CCC TGG 
Ser Arg lie Phe Pro Trp 

GGA CTC GTG AAG GAC GTC 
Gly Leu Val Lys Asp Val 



361 GAC GAG ATA GCG AAT CAT CAG GAG ATA GCC 

121 Asp Glu He Ala Asn His Gin Glu He Ala 

421 GAG CTG GGC TTC AAG GTC ATC GTG AAC CTC 

141 Glu Leu Gly Phe Lys Val He Val Asn Leu 

481 GAT CCG ATA ATC GCG AGG GAG AAG GCC CTC 

161 Asp Pro He lie Ala Arg .Glu Lys Ala Leu 

541 GAG AGC GTG GTG GAG TTC GCC AAG TAC GCG 

181 Glu Ser Val Val Glu Phe Ala Lys Tyr Ala 



FIG. 3 Ctc^< 
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* pig. 3 Afc«< F I G. 3 B 

TCC CAG TCC GGC TTT CAG TTC GAG ATG GGC 60 

Ser Gin Ser Gly Phe Gin Phe Glu Met Gly 20 

ACA GAC TGG TGG AAG TGG GTC AGG GAJT CCC 120 

Thr Asp Trp Trp Lys Trp Val Arg Asp Pro 4 0 

GAC CTG CCC GAG GAG GGG ATA AAC AAC TAC 180 

Asp Leu Pro Glu Glu G3y lie Asn Asn Tyr 60 

AGA GAC CTC GGT CTG AAC GTT TAC AGG ATT 240 

Arg Asp Leu Gly Leu Asn Val Tyr Arg lie 80 

CCA ACG TGG TTT GTG GAG GTT GAC GTT GAA 300 

Pro Thr Trp Phe Val Glu Val Asp Val Glu 100 

AAA ATC GAT AAA GAC ACG CTC GAA GAG CTC 360 

Lys lie Asp Lys Asp Thr Leu Glu Glu Leu 120 

TAC TAC CGC CGC GTT ATA GAG CAC CTC AGG 420 

Tyr Tyr Arg Arg Val lie Glu His Leu Arg 140 

AAC CAC TTC ACG CTC CCC CTC TGG CTT CAC 480 

Asn His Phe Thr Leu Pro Leu Trp Leu His 160 

ACC AAC GGT AGG ATT GGC TGG GTC GGG CAG 540 

Thr Asn Gly Arg He Gly Trp Val Gly Gin 180 

GCG TAC ATC GCG AAC GCA CTC GGG GAC CTC 600 

Ala Tyr He Ala Asn Ala Leu Gly Asp Leu 200 

FIG. 3D( C ^< 
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FIG. 3 A 5-*5K 

Fl G. 3C 

601 GTT GAT ATG TGG 

201 Val Asp Met Trp 

661 CCC TAC TCC GGY 

221 Pro Tyr Ser Gly 

721 AAC ATG ATA AAC 

241 Asn Met lie Asn 

781 GCC GAT AAG GAT 

261 Ala Asp Lys Asp 

841 NCC TAT CCA NAC 

281 Xxx Tyr Pro Xxx 

901 TTC CAC AGC GGG 

301 Phe His Ser Gly 

961 GGT GAG ACC TTC 

321 Gly Glu Thr Phe 

1021 TAC ACG AGA GAA 

341 Tyr Thr Arg Glu 

1081 TTC CGG GGA GTT 

361 Phe Arg Gly Val 

1141 AGG CCC GTA AGC 

381 Arg Pro Val Ser 

FIG. 



FIG. 3D\zm< 

AGC ACC TTC AAC GAR CCC 
Ser Thr Phe Asn Glu Pro 

TTT CCN CCG GGG GTT ATG 
Phe Pro Pro Gly Val Met 

GCC CAC GCA CTG GCC TAC 
Ala His Ala Leu Ala Tyr 

TCC CGC TCC GAG GCC GAG 
Ser Arg Ser Glu Ala Glu 

GAC TCC AAC GAC CCN AAG 
Asp Ser Asn Asp Pro Lys 

CTC TTC TTC GAC GCA ATC 
Leu Phe Phe Asp Ala lie 

GTC AAA GTT CGG CAT CTC 
Val Lys Val Arg His Leu 

GTC GTC AGG TAT TCG GAG 
Val Val Arg Tyr Ser Glu 

CAC AAC TAC GGT TAC GCC 
His Asn Tyr Gly Tyr Ala 

GAC ATC GGC TGG GAG ATC 

Asp He Gly Trp Glu He 

3E lOtt< 
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FIG. 3Ctd&< 



FIG. 3B fc«K 

Fl G. 3D 



ATG GTC GTT GTG GAN CTC GGT TAC CTC GCG 660 
Met Val Val Val Xxx Leu Gly Tyr Leu Ala 220 



AAC CCC GAG GCG GMN AAN CTG GCA ATC CTC 720 

Asn Pro Glu Ala Xxx Xxx Leu Ala He Leu 240 

AAG ATG ATA AAG AAG TTC GAC AGG GTA AAG 780 

Lys Met He Lys Lys Phe Asp Arg Val Lys 260 

GTC GGG ATA ATC TAC AAC AAC ATA GGC GTT 840 

Val Gly He He Tyr Asn Asn He Gly Val 280 

GAC GTG AAA NCT NCA GAA AAC GAC AAC TAC 900 

Asp Val Lys Xxx Xxx Glu Asn Asp Asrx Tyr 300 

CAC AAG GGC AAG CTC AAC ATC GAG TTC GAC 960 

His Lys Gly Lys Leu Asn He Glu Phe Asp 320 

AGG GGG AAC GAC TGG ATA GGC GTT AAC TAC 1020 

Arg Gly Asn Asp Trp He Gly Val Asn Tyr 340 

CCC AAG TTC CCG AGC ATA CCC CTG ATA TCC 1080 

Pro Lys Phe Pro Ser He Pro Leu He Ser 360 

TGC AGG CCC GGG AGT TCT TCC GCC GAC GGA 1140 

Cys Arg Pro Gly Ser Ser Ser Ala Asp Gly 380 

TAT CCG GAG GGG ATC TAC GAC TCG ATA AGA 1200 

Tyr Pro Glu Gly lie Tyr Asp Ser He Arg 400 



FIG. 3F\z»< 
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FIG. 3C tfi< 

F I G. 3 E 



FIG. 3FCtt< 



1201 GAG GCC AAC AAA TAC GGG. GTC CCG GTT TAC 

401 Glu Ala Asn Lys Tyr Gly Val Pro Val Tyr 

1261 GAC ACC CTG CGG CCG TAC TAC CTC GCG AGC 

421 Asp Thr Leu Arg Pro Tyr Tyr Leu Ala Ser 

1321 GCG GGT TAC GAC GTC AGG GGC TAC CTC TAC 

441 Ala Gly Tyr Asp Val Arg Gly Tyr Leu Tyr 

1381 CTC GGT TTC AGG ATG AGG TTC GGC CTC TAT 

461 Leu Gly Phe Arg Met Arg Phe Gly Leu Tyr 

1441 CCG CGG GAG GAA AGC GTA AAG GTT TAT AGG 

481 Pro Arg Glu Glu Ser Val Lys Val Tyr Arg 

1501 GAA ATC CGG GAG AAG TTC GGA CTT GGG TGA 

501 Glu lie Arg Glu Lys Phe Gly Leu Gly End 



F 1 G . 3A 


F1G.3B 


F 1 G . 3C 


FIG. 3D 


FIG. 3E 


FIG.3F 



F I G. 3 
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FIG. 3Etd«< 



Fl 



FIG. 

G. 3F 



3DKjBE< 



;tc acc gaa aac gga ata 
'al Thr Glu Asn Gly lie 

:at gta gcg aag att gag 

lis Val Ala Lys lie Glu 

*GG GCG CTG ACC GAC AAC 
'rp Ala Leu Thr Asp Asn 

lAA GTG GAT CTC ATA ACC 
,ys Val Asp Leu lie Thr 

;GC ATC GTG GAG AAC AAC 
;ly He Val Glu Asn Asn 

1530 
510 



GCC GAT TCA ACT 1260 

Ala Asp Ser Thr 420 

GAG GCG TAC GAG 13 20 

Glu Ala Tvr Glu 440 

TAC GAG TGG GCC 1380 

Tyr Glu Trp Ala 4 60 

AAG GAG AG A ACA 144 0 

Lys Glu Arg Thr 480 

GGA GTG AGC AAG 1500 

Gly Val Ser Lys 500 
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